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NATURAL PHILOSOPHY. 



Thi three classes of truths which I have now un- 
folded are the only sources or all our knowledge; 
aU being derived from our own experience, from 
reasoning, or from the report of others. 

It it not easy to determine which of these three 
sources cootributes most to the increase of know- 
ledge. Adam and Eve must have derived theirs 
chieSy from the two first ; God, however, revealed 
many things to them, the knowledge of which is to 
be referred to the third source, as neither their own 
experience nor their powers of reasoning could 
have conducted theoi so far. 

Without recurring to a period so remote, we are 
BulBciently convinced, that if we were determined to 
believe nolhingof what we hear from others, or read 
in their writing, we should be in a state of almost 
total ignorance. It is very far, however, from being 
our duty to beUeve every thing that is said, or tbu 
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we read. We ought comttuitly to employ our duj 
cerninK faculties, not only with respect to troths of 
the thM class, but likewise of the two othera. 

We are so liable to suffer ouraelves to be dazzled 
by the senses, and to mistake in our Teasoiuags, that 
the *efy sourcea laid open by the Creator for th« 
discoveiT of truth very frequently plunae us into 
error. Notions of the third claas, therefore, ought 
not in reason to fall under auspicion, any more than 
aoch as belong to the other two. We ouKht, there-' 
fore, to be equally on our Ruard against deceptioiit 
whatever be the class to which thft notion belongs ; 
for we find as many instances of error in the first 
and second classes as in the third. The same thing 
holds with regard to the certainty of the particular 
articles of knowledge which these three sources sup- 
ply; and it cannot be affirmed that the truthsof any 
one order have a surer foundation than those of 
another. Bach class is liable to errors, by which we 
may be misled ; but there are likewise precautions 
which, carefully observed, furnish us with nearly 
the same degree of conviction. I do not know 
whether you are more thoroughly convinced of this 
truth, that two triangles which have the same base 
and the same height are equal to one another, than 
of this, that the Russians have been at Berlin j 
though the former is founded on a chain of accurate 
reasoning, whereas tlie latter depends entirely on 
the veracity of your informer. 

Respecting the truths, therefore, of each of these 
classes, we must rest satisfied with such proofs as 
correspond to their nature ; and it would be ridicu- 
lous to insist upon a geometrical demonstration of 
the truths of experience, or of history- This is 
ttsually the fsult ot those who make a bad use of their 
penetration in intellectual truths, to require mathe- 
matical demonstration in proof of all the truthsof 
nligion, a great part of which belongs to the tluid 
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There are persons detemiiDed to beliexe andadmil 
nothing but what Iher see and touch ; whatever you 
would prove to them by reasoning, be it ever so solid, 
they are dispoaed to suspect, unless you place it 
before their eyes. Chymists, Baatomists, and nat- 
ural philosophers, who employ themselves wholly 
in making experiments, are most chargeable with 
this fault. Every thing that the one caniiot melt in 
his crucible, or tke other dissect with his scalpel, 
they reject as unfounded. To no purpose would you 
apeak to them of the qualities and nature of the Boul ; 
they admit nothing but what strikes the sr - - - 



manner of thinking, that the natural philosopher 
and chymist will have nothing but experiments, and 
Ifae geometrician and logician nothing but nrgu- 
uentsj which constitute, however, proofs entirely 
different, the one attached to the first class, the 
other to the second, which ought always to be care- 
fully diatinguished, according to the nature of the 
objects. 

But can it be possible tJiat persons should exist 
Who. wholly absorbed in pursuits pertaining to the 
third class, call only for proofs derived from that 
source 1 1 have known some of this description, wlio, 
totally devoted to the study uf history and antiquity, 
would admit nothing as true but what you could 
prove by history, or the authority of some ancient 
author. They perfectly agree with you respecting 
the truth of the propositiona of Euclid, but merely 
on the authority of that author, without paying any 
attention to the demonstrations by which he sup> 
porta them ; they even imagine that the contrary wf 
these propositions might be tnie.if the ancient geoniis 
tricians had thought proper to maintain it. 

This is a source of error which retards many in 
the pursuit of truth; but we lind it rather anwng 
tin learned, than auHinr those who are begumific to 

Vol. II.— B 




14 OBJBCTIOH OP THE PyRKHOMieTS. 

apply themselves to Ihe study or the Bciences. We 
ought to have no predilection in favour of any one 
of the three species of proofs which each class re- 
quires; and provided they are sufficient in th^ 
kind, we are bound to admit them. 

lAave leen or felt, is the proof of the first class. 
Jean demonitrale it, is that of the second: we like- 
wise say, / tru/iB it is ao. Finally, / rtceiot itonUM 
Uitmvmy of persoru worlhy of crtdit, or / bdieoe U 
on lolid ground!, is the proof of the third class. 

Uh April, ITSl. 



First Class of irunen TrtUht, Comiiclion that TUmgg 
exist eiternaily, corretpondin/f to the Ideas reprt- 
sented by the Senses, C^«elion of the Pyrrhonisttt 
Reply. 

Wb inclode in the first class of known truths 
those which we acquire immediatelv by means of 
the senses. 1 have already remarked, that they not 
only supply the soul with certain representations re- 
lative to the changes produced in a part of the brain; 
but that they eicite there a conviction of ths real 
existence of things external, corresponding to the 
ideas which the senses present to us. 

The soul is frequently compared to a man shut np 
in a dark room, in which the images of external ob- 
jects are represented on the wall 1^ means of a glass. 
This comparison is tolerably just, as far as it respects 
the man looking at the images on the wall ; for this 
act is sufficiently similar to that of Ihe soul, cOTitem- 
plaling the impressions made in the brain ; but th« 
comparison appears to me extremely defective, as 
far as it respects the conviction that Ihe objects 
which occasion these images really exist. 

TbfB nuu in the dark room will immediately sua- 
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pect the existence of these objects ; snd if he has 
no doubt about the matter, it is because he has been 
out of doors, and has eeen them ; besides thja, 
knowing the nature of his glass, he is asHUred that 
nothinff can be represented on the wall but the im- 
ages of the objects which are without the chamber 
before the glass. But this is not the case with the 
soul; it has never quitted its place of residence to 
contemplate the objects themselves ; and it knows, 
still less the construction of the sensitive organs, 
and the nerves which terminate in the brain. It is 
nevertheless much more powerfully convinced of 
the real existence of objects than our man in the 
dark room possibly can be. I am apprehensive of 
no objection on this subject, the thing being too clear 
of itself to admit any, though we do not know th^ 
true foundation of it. No one ever entertained any 
doubt about it, except certain visionaries who' have 
bewildered themselves in their own reverie s. 
Thongh they say that they doubt the existence of 
external objects, they entertain no such doubt in 
' - - ■ '* ■" " " - ' ■ less 

1,10 

whom they wished to communicate their extrava- 
gant opinions. 

TUs conviction respecting the existence of the 
things whose images the senses represent, appears 
Dot only in men of even* age ana condition, but 
likewise in all animals. The dog which barks at me 
lias DO doubt of my existence, though his soul per- 
ceives but a slight image of my person. Hence I 
conclude, that this conviction is essentially con. 
nected with our sensations, and that the truths which 
the senses convey to us are as well founded as the 
most undoubted truths of geometry. 

Without this conviction no human society could 
subsist, for we should be continually falling mto the 
greatest absurdities, and the grossest contradictions. 

Were tbe peasantry to dream of doubting about 
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(he ezistence of their bailiff, or soldierB about that 
of their officers, into what confusion should we be 
plunged ! Such absurdities are entertained onlv b; 
philosophers ; any other giving himself up to them 
would be considered as having lost his reason. Let 
us thitn acknowledge this conviction as one of the 
principal laws of nature, and that it is corajdete, 
though we are absolutely ignorant of its true rea- 

^Boas, and very far from being able to e^>laia them 

'in an intelligible manner. 

However important this reflection may be, it is 
by no tneaiiB, however, exempted from difficulties ; 
but were they ever so great, and though it mi^ht be 
imposaible for us to solve them, they do not m the 
•mallest degree affect the truth which I have just es- 
tablished, and which we ought to consider as the 
most solid foundation of human knowledge. 

It must be allowed that our senses sometimes de- 
ceive us ; and hence it is that those subtile philoso. 
phers who value themselves on doubting of every 
tiling deduce the consequence, that we ought never 
to depend on our senses. I have perhaps oftener 
than once met an unknown person in the street, 
whom 1 mistook for an acquaintance : as I was de- 
ceived in that instance, nothing prevents my beins 
always deceived ; andl am.therefore, never assureo 
that the person to whom I speak is in realify the 

Were I to go to Magdeburg, and to present my. 
self to your highness, I ought always to be appre- 
hen»ve of grossly mistaking : nay, perhaps I should 
not be at Magdeburg, for there are instances of a 
man's sometiinea talung one city for another. It is 
even possible I may never have had the happiness 
of seeing you, but was always under the power of 
delusion when i thought myself to be enjoying that 
felicitjr. 

Bucn are the natural consequences resulting front 
du sentimeuts of certain iMoaophen ; ana yoa 
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most be abandantly BBiuible that they not only lead 
to manifeat abHurdity, but have a tJendency to dis- 
»lve all the bonds of society. 
7th April, 1761. 



Aiwther (Mtetwn of the Pyrrhoiuats againtt the Ctr- 
tmtty of Truth* pereeuitd by the Seiua. Beply t 
a»d Precaution* /or attaimng Aeturanee of SenttbU 
Truth*. 

Tbovob the objection raised against the certainty 
•f truths perceived by the senses, of which 1 have 
been speakiog, may appear sufficiently ^werful, at- 
tempts have been made to give it additiOiial support 
from the well-linown maxim, that we ought never to 
trait him who has once deceived us. A sin{;Ie ex- 
ample, therefore, of mistake in the senses, is suf- 
ficient to destroy all their credit. If this objection is 
well founded, it must be admitted that human soci- 
ety is, of course, completely subverted. 

By way of reply, I remark, that the two other 
sources of knowledge are subject to difficulties of a 
similar nature, nay, perhaps aiill more formidable. 
How often ate our reasonings erroneous ! 1 venture 
to affirm, that we are much more frequently de- 
ceived by these than by our senses. But does it 
follow that our reasonings are always fallacious, and 
that we can have no dependence on any truth die- 
covered to us by tjie understanding 1 It must be a 
matter of doubt, then, whether two and two mak« 
four, or whether the three angles of a triangle be 
equal to two right angles ; it would even be ridicu- 
lous to pretend that this should pass for truth. 
Though, therefore, men may have frequently re». 
■oned inconclusively, it would be almost abaun! to 
B8 
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infer that tiiere are Dot many intellectual tniths of 
which we have the moat complete conTJction. 

The aame remark appliea to the third source of 
human linowledge, which is unquestionably the moat 
subject to error. Howo/ten have we been deceived 
by a ^undless rumour, or false report, respecting 
certaJB etents ! And who would be so weak as to 
believe all that gazetteers and historians have writ- 
ten 1 At the same time, whoever should think of 
maintainiux that every thiuK related or written by 
others is false would undouDtedly fall into greater 
absurdities than the person who believed every thing. 
Accordingly, notwithstanding so many grouodlesa 
reports and false testimonies, we are perfectly assured 
of the truth of numberless facts, o[ which we have 
DO evidence but testimony. 

Tbere are certain characters whiqh enable us to - 
distinguish truth -, and each of the three sources has 
characters pecuUar to itself. When my eyes hava 
deceived me, in mistaking one man for another, I 

Sresently discover my error: it is evident, ther»< 
)re, that precautions may be usedforthe prevention 
of error. If there were not, it would be impossiUfl 
ever to perceive that we had been deceived. Those, 
then, who maintain that we so often deceive our- 
selves are obliged to admit that it is possible for us 
to perceive we have been deceived, or they must ac> 
knowledge that Ihey themselves are deceived wheo 
they charge us with error. 

It is remarkable, that truth is so well established 
that the most violent propensity to doubt of every 
thing must come to this, m spile of itself. There- 
-fore, as logic prescribes rules for just reasoning, the 
obaervance of which will secure us from error, 
where intellectual truth is concerned ; there are 
likewise certain rules, as well for the first source, 
that of our senses, as for the third, that of belief 

The rules of tho first are so natural to us, that all 
nen, the most stu{qd not excepted, understand and 
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practise them much better than the greatest scholars 
are able to describe Ihem. Though it may be easy 
wmetimeH to confound a clown, yet when the hail 
deuroya his crop, or the thunder breaks upon his 
cottage, the most ingenious philosopher will never 
persuade him that it was a mere illusion ; and every 
man or sense muat admit that the country-fellow ia 
in the right, and that he is not always the dupe of 
the fallaciousness of his senses. The philosopher 
may be able, perhaps, to perplex him to such a de- 
gree that he shall be unable to reply ; but he will 
inwardly treat all the line reasonings which at- 
itempled to confound him with the utmost scorn. 
"The argumeni, that the senses sometimes deceive 
va, will make but a very slight impression on his 
mind ; and when he is told, with tne greatest elo- 
.4]uence, that every thing the senses represent to ua 
Aas no more reality than the visions of the night, it 
-will only p^voke laughter. 

But if tlie clown should pretend to play the phi- 
losopher in his turn, and maintain that the bailiff is 
a mere phantom, and that ail who consider him as 
something real, and submit to his authority, are 
fools : this sublime philosophy would be in a mo- 
ment overturned, and the leader of the sect soon 
made to feel, to his coat, the force of the proofs whick 
the bailiff could give him of the reality of his ex> 
istence. 

You must be perfectly satisfied, then, that there 
are cenain characters which destroy every shadow 
of doubt respecting the reality and truth of what we 
know by the senses; and these same characters are 
so well known, and so stroaf^ly impressed on our 
roinde, that we are never deceived wnen we employ 
the precautions necessary to that effect. But it is 
extremely difficult to make an exact enumeration of 
these characters, and to explain their nature. We 
commonly say, that the sensitive organs ought to be 
in a good natural atate i that tiw air ought not to to 
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obBcured by a fog; finally, that we muit employ a 
sufficient degree of attention, and endeavour, above 
all things, to examine the same object by two or 
more or our Benses at once. But I am flrmly per- 
suaded that every one knowFi, and puia in practice, 
rules much more solid than any which could be pre- 
acrlbed to him. 
l\lh April, 1761. 



Tbihb are, therefore, three species of knowledge 
which we must consider as equally certain, provided 
we employ the precautions necessary to secure us 
against error. And hence likewise result three 
species of certainty. 

The first is called physical certamly. When I am 
convinced of the truth of any thing, because'l myself 
have seen it, 1 have a physical certainty of it ; and 
if I am asked the reason, 1 answer, that my own 
senses give me full assurance of it, and that 1 am, 
or have been, an eyewitness of it. It is thus I 
know that Austrians have been at Berlin, and that 
some of them committed great irregularities there. 
I know, in the same manner, that fire consumes all 
combustible substances; for I myself have seen it, 
and I have a physical certainty of its truth. 

The certainty which we acquire by a process of 
leaeoDing is called logical or demoniiratire certainly, 
because we are convinced of its truth by demonstra- 
tion. The truthBofgeomeb7ma}r here be produced 
as examples, and it is logical certainty which gives us 
the assurance of them. 

Finally, the certainty which we have of the truth 
•f what we biow only by the report of othen is 
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called moral etrtainty, because it is founded on the 
ertdibility otthe persoos who make the report. Thus 
Tou have only a moral certainty that the RusHiaiiB 
laTe been at Berlin ; and the same thing applies to 
all historical facta. We know with a moral certainty 
that there was formerly at Rome a Juliua Cffiaar, 
an Au^tuB, a Nero, Ac, and the testimonies 
respecting these are so authentic, that we are as 
-fully vonTinced of them as of the truths which we 
discover by our senses, or by a chain of fair reti- 
Boning. 

We must take care, however, not to confound 
these three species of certainty — physical, logical, 
and moral — each of which ia of a nature totally dif- 
ferent from the others. I propose to treat of each 
separately; and shall begin with a more particular 
explanation of moral certainty, which is the third 
qveciea. 

It is to be attentively remarked, that this third 
source divides into two branches, according as others 
simply relate what they themselves have seen, or 
made lull proof of Inr their senses, or as they com- 
municate U) us, together with theae, their reflections 
and reaaoDinga upon them. We might add atill a 
third branch, when they relate what they have heard 
from others. 

As to this third branch, it is generally allowed to 
be very liable to error, and that a witness is to be 
believed only respecting what he himself has seen or 
experienced. Accordingly, in courts of justice, when 
witnesses are examined, great care ia taken to dis- 
tinguish, in their declarations, what they themselves 
have seen and experienced, from what they fre- 
quently add of their reflections and reasonings upon 
■I. Stress is laid only on what they themselves have 
Men or experienced ; but their reflections, and the 
conchisions which they draw, however well fovnd«l 
tjiey may otherwise be, are entirely set aside. The 
Bame maxim is observed with respect to historUnat 
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and we wish them to teUte only what they them- 
selves haTe witnessed, without pursning the reflec- 
tions which they so frequently annex, though these 
may be a great ornament to history. Thus we have 
a greater dependence on the truth of what others 
have experienced by their own senses, than on what 
they have discovered by pursuing- their meditations. 
Every one wishes to be master of his own judgment ; 
and unless he himself feels the foundation and the 
demonstration, he is not persuaded. 
Euclid would in vain have announced to us th« 
of geometry; we should 
1 his word, but have insisted 



pect me of falsehood. But when I inform you that 
in a right-ant^led triangle, the squares described on 
the two smaller sides are together equal to the square 
of the greater side, I do not wish to be bebeved on 
my word, though I am as much convinced of it as 
it IS possible to be of any thing ; and though I could 
allege, to the same purpose, the authority of the 
greatest geniuses who have had the same conviction, 
I should rather wish yon to discredit my assertion, 
and to withhold your assent, till you yourself com- 
prehended the solidity of the reasonings on which 
the demonstration is founded. 

It does not follow, however, that physical cer- 
tainty, or that which the senses supply^ is greater 
than logical certainty, founded on reasoning; but 
whenever a truth of this species presents itself, it ia 
proper that the mind should give close application 
to It, and become master of the demonstration. 
This ia the best method of cultivating the sciences, 
and of carrying them to the highest degree of per< 
fectioo. 
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The tnitliH of the senses, and of history, irreattf 
multiply the particulars of human knowledge ; but 
Uie faculties of the mind are put in action ooiy by 
reflection or reasoning. 

We never stop at, the simple evidence of the 
•enses, or the facts related by others ; but always 
follow them up and blend them with reflections of 
our own : we insensibly supply what seems deficient, 
by the addition of causes ana motives, and the de- 
duction of consequences. It is extremely difficult, 
for this reason, in courts of justice, to procure sim- 
ple nnbleoded testimony, such as contains what the 
witnesses actually saw and felt, and no more ; for 
witnesses ever will be mingling their own reflections, 
without perceiving that they are doing so. 

lith AprU, 1761. 



JUmarii that Ihe Seniu eonlriiule to the Increatt of 
Knoteledge ; and Prtcautumt far ae^iring the Ctr- 
tamly ofHitloricai Truths. 

The knowledge supplied by our senses is un- 
doubtedly Ihe earliest which we acquire; and upon' 
this the soul founds the thoughts and reflections 
which discover to it a great variety of intellectual 
truths. In order the better to comprehend how the 
senses contribute to the advancement of knowledge, 
1 begin with remarking, that the senses act only on 
individual things, which actually exist under circum- 
stances determined or limited on ail uides. 

Let us suppose a man suddenly placed in the 
world, possessed of all his faculties, but entirely des- 
titute of experience ; let a stone be put in his hand, 
let him then open that band, and observe that the 
stone falls. This is an experiment limited on all 
sides, which gives him no information, except Uiat 
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this stone, being in the left hnnd, for example, and 
dropped, falls to the ground ; he ia by no means 
^solutely certain that the same effect would ensue 
were he to take another stone, or the same stone, 
with his right hand. It is ^ill uncertain whether 
this atone, under the same circumstances, would 
again fall, or whether it would ha*e fallen had it 
been taken up an hour sooner. This experiment 
alone gives hini no light respecting these particu- 
lars. 

The man in question takes another stone, and 
observes that it falls likewise, whether dropped from 
the right hand or from the led : he repeats the ex- 
periment with a third and a fourth stone, and uni- 
formly observes the same 'effect. He hence con- 
cludes that stones have the property of failing when 
dropped, or when that which supports them is witb- 

Here then is an article of knowledge which the' 
man has derived from the experiments which he has 
made. He is very far from having made trial of 
every stone, or, supposing him to have done sor 
what certainty has he that the same thing would 
happen at all times ! He knows nothing as to this, 
except what concerns the particular moments when 
he made the experimental and what assurance has 
he that the same effect would take place in the 
hands of another manT Mi^ht he not think that 
this quality of making stones fall was attached ta 
his hands exclusively 1 A thousand other doubts 
might still be formed on the subject. 

I have never, for example, made trial of the stones 
which compose the cathedral church of Magdeburg, 
and yet I have not the least doubt that all of them, 
without exception, are heavy, and that each of them 
would fall as soon as detached from the building. 
I even imagine that experience has supplied me with 
this knowledge, tbou^ I have never tried any om 
of those stones. 
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l^is examf^ is snfflctent to 'show how experi- 
ments made on individual objects only have led 
mankind to the knowledge of uniTersal propositions; 
but it must be admitted that the undeistanding gnd 
the other faculties of the soul interfere in a manner 
which it would be extremely difllcult clearly to un- 
fold; and if we were determined to be over-scrupu- 
lous about every circumstance, no progress in sci- 
ence could be made, for we should be stopped short 
at every step. 

It must be allowed, that the vulgar discover in 
this respect much more good sense than those scru- 
pulous philosophers who are obstinately determined 
todoubt of every thing. It isnecessaty.at the same 
time, to be on our guard against faUing into the 
opposite extreme, t^ neglecting to employ the 
necessary precautions. 

The three sources from which our knowledge is 
derived require all of them certain precautions, 
which must be carefully observed, in order to ac- 
quire assurance of the truth ; but it is possible, in 
each, to carr^ matters too far, and it is always proper 
to steer a middle course. 

The third source clearly proves this. It would 
undoubtedly be extreme folly to believe every thing 
that is told us; but excessive distrust would be no 
less blameworthy. He who is determined to doubt 
of every thing will never want a pretence ; when a 
man says or writes that he has seen such or such 
An action, we may say at once that il is not true, and 
that the man lakes amusement in relating thin^ 
which may excite surprise; and if his veracity is 
beyond suspicion, it might be said that he did not 
see clearly, that his eyes were dazzled ; and exani- 
ples are to be found in abundance of persons deceiv- 
ing themselves, falsely imagining Ihey saw what 
they did not The rules prescribed in this respect 
lose all tiieir weight when you have to do with a 
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Vsuallr, in ordeV to be ascertained of the truth of 
a recital or history, it is required thnt the author 
should have been himself a witness of what he re- 
lates, and that he should have no interest in Telattag 
it differently from the truth. If afterward two or 
more persons relate the same thing, wilh the same 
circumstances, it is Justly considered as a stron^r 
confirmation. Sometimes, however, a coincidence 
carried to extreme minuteness becomes suspicious. 
For two persons observing- the same incident see it 
in different points of view ; and the one will always 
discern certain little circumstances which the other 
must have overlooked. A slight difference in two 
Beverdl accounts of the same event rather estab- 
lishes than invalidates the truth of it. 

But it is always extremely difficult to reason on 
the first principles of our knowledge, and to attempt 
an explanation of the mechanism and of the moving 
powers which the soul employs. It woiUd be glo- 
rious to succeed in such an attempt, as it would 
elucidate a great variety of important points respect- 
ing the nature of the soul and its operations. But 
we seem destined rather to make use of our facul- 
ties, than to trace their nature through all its depths. 

lath April, 1761. 



LETTER VI. 
Whether the Eiience of Bodiei be lin/nen by lu. 

ArriR so many reflections on the nature and 
faculties of the soul, you will not perhaps be dis- 
pleased to return to the conside nation of body, the 
principal properties of which I have already en- 
deavoured to explain. 

I have remarked, that the nature of body neces' 
sarily contains three things, extension, impenetrabtiUy, 
and mertia ; so that a being in which these three prop- 
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erttes do not meet at once cannot be admitted- into 
the class of bodies : and reciprocally, when they are 
aniled in any one being, no one wiU hesitate to ac- 
knowkdge it for a body. 

In these Ihree things, then, we are warranted to 
constitute the essence of body, though there are 
many philosophers who pretend thai Ihe essence of 
bodies is wholly unknown to us. This is not only 
the opinion of the Pyrrhonists, who doubt of every 
thing; but there are other sects likewise who main- 
tain that the essence of all things is absolutely on- 
known : and, no doubt, in certain respects they have 
truth on their side : tliis is but too certain as to all 
' the individual beings which ejist. 

You will easily comprehend, that it would be the 
height of absurdity were I to pretend so much as to 
know the essence of the pen which I employ in 
writing this Letter. If I knew the essence of this 
pen (I speak not of pens in general, but of that one 
only now between my fingers, which is an itidividtuU 
bein^, as it is called in metaphysics, and which is 
distmguiehed from all the other pens in the world), 
if I knew, then, the essence of this individual pen, 1 
should be in a condition to distinguish it from every 
other, and it would be impossible to change it with- 
out my perceiving the chnnge ; I must know its 
nature thoroughly, the number and the arrangement 
of all the parts whereof it is composed. But how 
fat am 1 from having such a knowledge I Were I to 
rise but for a moment, one of my children might 
easily change ii, leaving; another in its room, with- 
out my perceiving the difference ; and were I even 
to put a mark upon it, how easily might that mark 
be counterfeited on another pen. And supposing 



o similar to this that I should be unable to discern 
any difference. It would be, however, another pen, 
really distinguishable from mine, and God would 
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undoabtedlv know the dilTerence of them; in other 
words, God perrecUy knows the esBence of both 
the one and the other of theae two pens : but as to 
me, who discern no difference, it is certain that the 
esHcnce is altogether beyond my knowledge. 

The same observation is apphcable to all other 
individual things: and it maybe confidently main- 
tsined, that God alone can know the essence or 
nature of each. It were impossible to fix on any 
one thing really existing of which we could have a 
knowledge so perfect aa to put us beyond the reach 
of mistake : this is, if I may use the expression, the 
impress of the Creator on all createa things, the 
nature of which will ever remain a mystery to ua. 

It is undoubtedly certain, then, that we do not 
know the essence of individual things, or all the 
characters whereby each is distinguished from every 
other ; but the case is different with respect to 
patera and ipecits : these are general notions which 
mclude at once an inlinite number of individual 
things. They are not beings ax:tually existing, but 
notions which we ourselves form in our minds when 
we arrange a great many individual things in the 
same class, which we denominate a species or 
^nus, according as the number of individual things 
which it comprehends is greater or leas. 

And to return to ihe example of the pen, as there 
are an inlinite number of things to each of which I 
give the same name, though Ihey all differ one from 
another, the notion oSpen is a general idea, of which 
we ourselves are the creators, and which exists 
only in our own minds. This notion contains but 
ihe common characters which constitute the essence 
of the general notion of a pen ; and thia essence 
must be well known to us, as we are in a condition 
to distinguish all the things which we call jwru 
from those which we do not comprehend under that 
appellation. 

Aa BOon as we remark in any thing certain cliw 




BODIES BE KNOWN BT VS. 29 

acters, or trertain qualities, we eay it is r pen : and 
ve are in acnndition to distinguish it from all other 
things which are not pens, though we are very far 
from bting ahle to (iistinjtiush it from other pens. 

The more general a notion is, the fewer it contains 
of the characters which constitute its essence ; and 
it is accordingly e^isier also to discover tbis essence. 
We comprehend more easily what ia meant by a 
tree in general than by the, term chenj-tree, pear- 
tree, or apple-tree ; that is, when we Ascend to the 
species. When I say such an object which I see in 
the garden is a tree, 1 run little risk of being mis- 
taken ; but it is exiremety possible I might be wrong 
if I affirmed it was a cherry-tree. It foUows, then, 
that I know much better the essence of tree in 
general than 
ccmfound a ti 
8 plum-tree. 

Now a notion in general extends infinitely fur- 
ther; its essence accordingly comprehends only 
the characters which are common to all beings bear- 
ing the name of bodia. It is reduced, therefore, to 
a very few particulars, as we must exclude from it 
all the characters which distinguish one body from 
another. 

It is ridiculous, then, lo pretend with certain phi- 
losophers that the essence of bodies in generd is 
unknown U> us. If it were so, we should never be 
in a condition to aSirm with asauranco that such a 
thing is a body, or it is not ; and as it is impossiblo 
we should be mistaken in this respect, it necessarily 
follows that we know sufficiently the nature or es- 
sence of body in general. Now this knowledge is 
reduced to three articles : extension, impenetral^tyi 
and inertia. 

91«J April, 1761. 
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The Trve Notion of Exteiuion. 

I SATB already demonstrated that the general 
notion of body necessarily comprehends these three 
quatiliea, extension, itnpenetrability, and inettiii, 
without wliich tio being can be ranked in the gIews 
of bodies. Even the most scrupiiloua must alloir 
the necessity of these three oualitieB in order ta 
conatitule a body ; but the doubt with some is, Are 
these three characteTB sufficient! Perhap*, sav 
they, there may be aeverai other characters which 
are equally necessary to the essence of body. 

But I ask, were God to create a j>eing diveated of 
these other unknown characters, and that it pos- 
sessed only the three above mentioned, would they 
hesitate to give the name of body to such a being-*' 
No. assuredly ; for if they had the least doubt on t£e 
subject, they could not aay with certainty that the 
atones in the street are bodies, because they are not 
sure wlietber the pretended unknown characters are 
to be found in them or not. 



but were God to divest them of gravity, would they 
therefore cease to be bodies 1 Let them consider 
the heavenly bodies, which do not fall downward; 
as muat be the case it they were heavy as the bodim 
which we touch, yet they give them tne same name. 
And even on the supposition that all bodies were 
heavy, it would not follow that gravity is a property 
esaentlal to them, for a bod^ would still remain k 
body, though its gravity were to be destroyed t^ a 
miracle. 

But this reasoning does not apply to the three ea- 
««iUial properties ^ve mentioned. Were God to 
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: the extension of a body, 4t would cer< 
taintj be no longer a. Mxly; ixA a body divested 
of impenetrability would no longer be body; it 
would be a apectre, a phantom : the same holas aa 
W inertia. 

You know that extension is the proper object of 
Keomairy. which considers bodies only in so far as 
tiny are extended, abstractedly from impenetrability 
and inertia; the object of geometry, therefore, ie a 
Motion much more general than that of body, as it 
oomprehends, not only bodies, but nil things aimidy 
■Xtended, without impenetrability, if any such there 
be. Hence it foUows that all the propertiea deduced 
in geometry from the notion of extension must like- 
wise take place in bodies, inasmuch as tbey are ex- 
tended ; for whatever is apphcable to a more general 
notion, to that of a tree, for examfde, must likewise 
be applicable to the notion of an oak, an ash, an 
«lm, &c. ; and this principle is even the foundation 
ol all the reaaonings in virtue of which we always 
sffinn and deny of the species, and of individuala,, 
•very thing that we affirm and deny of the genus. 

There are however philosophers, particularly 
among our contemporaries, who boldly deny that 
the properties applicable to extension in general, 
that IB, accordinfi as we consider them in geometry, 
take placs in bodies really existing. They allege 
that geometrical extension is an abstract being, from 
the properties of which it is impOBsible to draw any 
coaclusion with respect to real objects; thus, when 
I have demonstrated that the three angles of a tri- 
angle are together equal to two right angles, this is 
% property belonging only to an abstract triangle, 
«nd not at all to one really existing. 

But these philosophers are not aware of the per- 
plexing consequences which naturally result from 
the dinerence which Ihey establish between objecta 
formed by abstraction and real objects ; and if it 
were not permitted to conclude froui the Grel to tli« 
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last, no oondluaion, and no reasoning whatever, 
could BDbsist, as we always conclude from general 
notioiiB to particular. 

Nov all general notions are as mnch abstract 
beings as geometrical extension ; and a tree in 
general, or the general notion of trees, is formed 
only by abstraction, and no more exists out of our 
mind than geometrical eitension does. The notion 
of man in general is of the same kind, and man in 
general nowhere exists : all men who exist are in- 
dividual beings, and correspond to individual notions. 
The general idea which comprehends all is formed 
only oy absiraction. 

The fault which these philosopliers are ever find- 
ing with geometricians, for employing themselves 
about abstractions me reljr, is therefore groundless, 
as all other sciences principalis turn on feneraj no- 
tions, which are no more nA than the objects of 
geometry. The patient, in ^neral, whom the phy. 
sician has in view, and the idea of whom contains 
•all patients really existing, Is only an abstract idea ; 
aay, the very merit of each'science is so much the 
greater, atfit extends to notions more general, that 
IS to say, more alwtract. 

I shall endeavour by next post to pfunt out the 
tendency of the censures pronounced by these phi. 
losophers upon geometricians; and the reasons why 
they are unwilling that we should ascribe to real ex- 
tended beings, that is, to existingliodies, the proper- 
ties applicable to extension in genera], or to ab- 
stracted extension. They are afraid lest their meta^ 
physical principles should suffer in the cause. 

SUA April, 1761. 
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LETTER VUI. 
DitaaUnlity of Extatiim in it^aUum, 

Tut controversy belween modern philosophers 
■ndflwmetriciana.to which 1 have alluded, tumsoa 
the diviaibility of body. This property is undoubt' 
edlv founded on extension ; and it is only in so far 
aa bodies are extended that they are divisible, and 
<^Bfible of being reduced to parts. 

YoK win recoTleot that Pig. 38. 

in geometry it is always r ~ - - - - 
'' ' 'o divide a line, 



poMitni 
taowevf 




however small, into two 
equal parts. We are 
likewise t^ that science 
instructed in the method 
of dividing a small line, 
as a I, Fig. 3S, into any 
■umber of equal parts at ^ 
pleasure : and the con- 
struction of this division 
is there demonstrftted 
beyond the possibility of 
doubting its accuracy. 

You have only to draw 
a line A I parallel to it i 
of any length, and at any 
distance you please, and 
to divide it into as many 
eoual parts AB,BC, CD, I 
DE, Ac. Bs the small 

tine given is to have divisions, say eight. Draw 
afterwaid, throu^ the extremities A a, and I >, the 
•traight lines A a 0, 1 i 0, till they meet in the point 



B, C, D, E, Ac. tbe atraight lines OB, OC, OD, OE, 



SbTc 
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Ac, which shall likewise divide the small line at 
uto ei^t equal parts. 

TiiiB operation may be perfonned, however small 
the given line at, and however great the number or 
puis into which you propose to divide it. It is true 
that in execution we are not permitted to go too 
far ; the hnes which we draw have always some 
breadth, whereby they are at length confounded, as 
may be seen in the figure near the point O ; but the 
question is, not what may be possible for us to exe- 
cute, but what is possible in itseir. Now, in geome- 
try lines have no breadth, and consequently can 
never be confounded. Hence it follows that nuch 
division is illimitable. 

If it is once admitted that a line may be divided 
into a thousand parts, by dividing each part into two 
il will be divisible into two thousand parts, and for 
the stme reason into four thousand, and into eight 
thousand, without ever arriving at parts indivisible. 
However small a lin* may be supposed, it is stiH 
divisible inlo halves, nnd each hair again into two, 
and each of these again in like manner, and so on 
to infinity. 

What I have said of a line is easily applicable to 
a surface, and, with greater strength of reasoning, 
to a solid endowed with three dimensions, — length, 
breadth, and thickness. Hence it is affirmed that all 
extension isdivisible to infiniiy; and this property is 
denominated dii-isikiliiy m infinittim. 

Whoever is disposed to deny this property of ex- 
tension is under the necessity of maintaining that it 
is possible to airive at last at parts so minute as to 
b« unsusceptible of any further division, because 
they cease to have any extension. Nevertheless, 
all these particles taken together must reproduce the 
whole, by the division of which you acquired them ; 
--' -- ■ e quantity of each would be a nothing or 

, 1 combination of cic"""" - - " 
quantity, which is manifeatly at 
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iwrfectly well that in aritbmetio4iN) or more ciphera 



of any quantity whatever, we may came at last to 

Krticles ao minute aa to be no longer dirisiblo, 
cause they are so small, or because quantity no 
longer exists, is therefore a position absolutely un- 
tenable. 

In order to render the absurdity ot it more sensi- 
ble, let us suppose a line of »n inch long- divided into 
a thousand parts, and that these parts are so small 
as to admit of no further division ; eaeh part, then, 
would no loniter have any length, for if it had any it 
would be still divisible. Each particle, then, would 
of consequence tie a nothing. But if these thou- 
sand particles together constituted the length of an 
inch, the thousandth part of an inch would of con- 
sei^uetice be anolhing ; which is equally absurd with 
maintaining that the half of any quantity whatever 
is nothing. And if it be absurd to affirm that the 
half of any quantity is nothing, it is equally ao to 
affirm that the half of ahalf, or that the fourth part 
of the same qvantity is nothing ; and what must be 
granted as to the fourth must likewise be ^nted 
with respect to the thousandth and the milliootb 
part. Finally, however far you may have already 
carried in imagination the division of an inch, it is 
always possible to carry it still further ; and nevef 
will you be able to carry on ^iir subdivision bo far 
as that the last parts shall be absolutely indivisible. 
These ^Tts will undoubtedly always become smaller, 
and their magnitude will approach nearer and nearer 
to 0, but can never reach it. 

The geometrician, therefore, is warranted in af- 
firmini; that every magnitude is divisible lo infinity; 
and that you caimot proceed so far in your division 
as that all further division shiill be impossible. But 
it is always necessary to distinguish between what 
is possible in itseU and what we are in a condition 
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to perfonn. Oiir teecutton is indeed extreraalr' 
limited. Alter having, Tor example, divided an inch 
into a thousand parts, these parts are so small as to 
escape our senses ; and a further division wouM lo 
OS no doubt be impossible. 

But you have only to look at this thousandth part 
or an inch through a good microscope, which mag- 
nifies, Tor example, a thousand times, and each rar- 
ticle will appear as large as an inch to the naked 
eye ; and you will be convinced of the poeailnlity 
of dividing each of these particles again into a thou- 
sand parts : the same reasoning may always be car- 
ried forward without limil and without end. 

!t is therefore an indubitable truth that all magni- 
tude is divisible in infinilum ; and that this takes p&ca 
not only with respect to extension, which is the 
object of geometry, but likewise with respect to 
every other species of quantity, sach as time and 
number. 

28(A AprU, 17B!. 



Whether this Divaiiilily in infimlum laiet place in ex- 
isting Bodies. 

It is then a completely established truth, that ex- 
tension is divisible to infinity, and that ii is impossi- 
ble to conceive parts so small as to be unsusceptible 
of further division. Philosophers accordingly do not 
impugn this truth itself, but deny that it takes place 
ill CKisting bodies. They allege that extension, the- 
divisibility of which to infinity has been demon- 
strated, is merely h chimerical object, formed by ab- 
•traction ; and that simple extension, as coDsider«d 
in eeometry, can have no real existence. 

Here they are iti the right ; and extension is un- 
doubtedly a general idea, formed in the same man- 
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ner as that of man, or of ttee in general, by ab* 
atractionf and as man or tree in general does not 
exist, no more does extension in general exist. Yon 
are perfectly sensible that individual beings alone 
exist, and that general notions are to be found only 
in the mind ; bnt it cannot therefore be maintained 
that these general notions are chimeric^'; thq* 
contain, on the contrary, the foundation of all oar 
knowledge. 

Whatever applies to a general notion, and all tbe 
properties attached to it, of necessity takes place in 
all the indiTiduals contprehmdcd under that general 
notion. When it is affirmed that the general no- 
tion of man contains an understanding and a will, it 
is undoubtedly meant that every individual man is 
endowed with those faculties. And how many prop< 
erties do these very philosophers boast of havintf 
demonstrated as belonging to substance in general, 
.which is snrely an idea as abstract as that of exteo:- 



eion; and yet they maintain that all these proper* 
ties apply to all indifidual substances, which are ^ 
' extended. If, in affect, such a substance had not 
these properties, it would be false that they brionged 
to substance in general. 

' If then bodies, which infallibly.^* extended be* 
ings, or endowed with extension, were not divisiU« 
to infinity, it woul^ be likewise false that divisibility 
in infinitum is a property of extension. Now those 
philosophers readily admit that this property belongs 
to extension, but they insist that it cannot take place 
in extended beings. This is the eame thing with 
afiirming that the understanding and will are indeed 
attributes of the notion of man in general, bnt that 
they can haVe no place in individual men actually 
existing. 

Hence you will readily di^w this conclusion : If 
divisibility in infinitum is a property of extension in 
general, it must of necessity likewise belong to all 
Dtdividual extended beings; or if real extettded 

Vol. 11.— D 
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beings are not divisible to jn&iity, it is false that divi- 
aibility in inlinltiim can be a property of extension 
in genera]. 

It is impossible to deny the one or the other of 
these cotisequeDces without subvening the must 
solid principles of ail knowled^ ; and the philoso- 
phers who refuse to admit divisibiUty in irllinitum in 
red extended beings ought as little to admit it with 
respect to extension in general ; but as they grant 
this last, they fall into a g'laring contradiction. 

You need not be surprised at this; it is a failing 
from which the greatest men are not exempt. But 
what is rather aurprisins, these philosophers, in 
order to get rid of their emoarrassment, have thought 
proper to deny that body is extended. They say, 
that it is only an appearance of extension which is 
perceived in bodies, but that real extension by no 
means belongs to them. 

You see clearly that this is merely a wretched 
cavil, by which the principal and the most evident' 
properly of body is denied.. It is an extravagance 
similar to that formerly imputed to the Epicurean 
philosophers, who maintained that every thing which 
exists in the universe is material, without even ex- 



subjected to the greatest -difliculties, they invented 
a subterfuge similar to that of our modern philoso- 
phers, alleging, that the gods had not bodies, but at 
it were bodies {qvait corpora), and that they had not, 
senses, but senses as il were ; and so of all the 
mertibere. The other philosophical sects of anti- 
quity made themselves abundantly merry with these 
quan corpora and quasi sentui ; and they would have 
equal reason in modern times to kugh at the quati 
exleation which our philosophers ascribe to body ; 
this term qwui extemion seems perfectly well to ex- 
press Uiat appearance of extension, without teing so 
111 reality. 
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Geometricians, ir thej meant to confound Ihem, 
have only to say that the objects whose divisibility 
in infinituni they have demonatrated were likewise 
only at it viere extended, utd that accordingly all 
bodies extended as it mere were necessarily divisible 
is iafinituiD, But nothing is to be gained with them ; 
they resolve to maintain the greatest absuiditiee 
rather than acknowledge a mistake. 

34 May, 1761. 



Of Monads. 

Whrn we talk in company on philosophical rob- 
Jects, the conversation usually turns ' on such arti- 
cles as have excit«d violent disputes among philoso- 
phers. 

The divisibihty of body is one of them, respecting 
which the sentiments of the learned are greatly 
divided. Some maintain that this divisibility goes 
on to infinity, without the possibility of ever arriving 
at particles so small as to be susceptible of no fur- 
ther division. But others insist that this division 
extends only to a certain point, and that you may 
come at length to particles so minute that, having 
no magnitude, ihey are no longer divisiUe' These 
ultim^e particles, which enter into the composi- 
tion of bodies, they denominate simple beings and 
monads. ■ 

There was a time when the dispute respecting 
monads employed such general attention, aiid was 
conducted with so much waimlh, that it forced its 
way into company of every description, that of the 
guard-room not excepted. There was scarcely a 
lady at court who did not lake a decided, part in fa- 
vour of monads or against them. In a wonl, all COD- 
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venation waa engrossed by monads— no other sub- 
ject could find adnusaion. 

Tbe Royal Academy of Berlin took up the con- 
troversy, and being accaatomed annually to propose 
agnestionfordiscnsBion.and to bestow a gold medal, 
of the value of fifty ducata, on- the person who, in 
the judgment of the Academy, has given the moat 
ingenious solution, the question respecting ;nonadB 
was selected for the year 1748. A great variety of 
essays on the subjecl were accordingly produced. 
The president, Mr. de Afaupertuii, named a com- 
mittee to examine them, under the direction of the 
late Count Dohna, great chamberlain to the queen; 
who, being an im^rtial judge, examined with all 
imaginable attention the arguments adduced both 
tat and against the existence of monads. Upon the 
iriiole, it was found that those which went to the 
flatablishmeat of their existence were so feeble and 
so chimerical, that they tended to the subversion of 
all the principles of human knowledge. The question 
was Uierefore determined in favour of the opposite 
(^linion, ahd the prize adjudged to Mr. Jtuti, whose 
piece was deemed the most complete refutation of 
tke monadists. 

You may easily imagine how violently this de- 
cision of the Academy must have inititt^a the parti- 
sans of monads, at the head of whom stood the oele. 
brated Mr: Wolff. His foUowers, who were then much 
more numerous and more formidable than at pres- 
ent, exclaimed in high terms a^^ainat the partiality 
and injustice of the Academy \ and their coief bad 
wellnigh proceeded to lannch the thunder of 8 phi- 
losophical anathema against it. 1 do not now recol- 
lect to whom we are indebted for the care of avert- 
ing this disaster. 

As this controversy has made a great deal of noise, 
yon will not be displessM, undoubtedly, if 1 dwell a 
little upon it. The whole is reduced to thia simple 
question, Is body divisible to infinity < or, in ottker 
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words. Has the divisibility of bodies any bound, or 
has it not 1 I have already remarked as to this, thut 
extension, geometrically considered, is on all hands 
allowed to be divisible in infinitum; because how- 
erer small a masnilude may be, it is possible to con- 
ceive the half of it, and again the half of that half, 
and so on to infinity. 

This notion of extension is very abstract, as are 
those of all genera, such as that of man, of horse, of 
tree, &c., as far as they are not applied to an indi- 
vidual and determinate bein?. Again, it is the most 
certain principle of all our knowledge, that whatever 
can be tnily affirmed of the genus must be true of 
aU the individuals comprehended under it. If there- 
fore all bodies are extended, all the properties be- 
longing to extension mUlt belong to each body in 
particular. Now all bodies are extended, and ex- 
tension is divisible to infinity ; therefore every body 
must be so likewise. This is a syllo^sm of the 
best form ; and as the first proposition is indubitable, 
all that remains is to be assured that the second is 
true,-that is, whether'it be true or not that bodies 
are extended. 

The partisans of monads, in maintaining their 
opinion, are obliged to affirm that bodies are not ex- 
tended, but have only" an appearance of extension. 
They ira^ine that. by this they have subverted the 
argument adduced in support of the divisibilily in 
infinitum. But if bodv is not extended, I should be 
glad to know from whence we derived the idea of 
extension; for if body is not extended, nothing in 
the world is, as spirits are still less so: Our idea of 
extension, therefore, would be altogether imaginary 
and chimerical. 

Geometry wouM accordingly be a speculation en- 
tirely useless and illusory, and never could admit of 
any application to things really existing. In effect, 
if no one thing is extended, te what purpose investi- 
gate the properties of extension T But as geometry 
«3 
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is bejrond contradiction one of the moat nseftd of 
the Bciences, its object cannot possibly be a mere 
chimera. 

'Theie is a necessity then of admitting, that the 
object of geometry is at least the same apparent ex- 
tension wbicb those philosophers allow to body ; but 
this very object is divisible to infinity : therefore ex- 
isting beings endowed with this apparent extension 
must necessarily be extended. 

Finally, let those philosophers turn themselves 
which way soever they will m support of their mo- 
nads, or those ultimate and minute panicles divested 
of all magnitude, of which, according to them, all 
bodies are composed, they stili plunge into difficul- 
ties, out of which they cannot extricate themselves. 
They are right in saying>that it is a proof of dul- 
ness to be incapable of leiishing their sublime doc- 
trine ; it may however be reiuiurited, that here the 
greatest stupidity is the most successful. 
5A Man, '^^- 



Befitetum* on DimnbilUy in injimtvm, and on Monad*. 

Ik speaking of the divisibility of boi^ we must 
carefully distmguish what ia in our power, from 
what is possible in itself. . In the first sense, it can- 
not be denied that such a division of body as we are 
caiable of must be very limited. 

By poundiu^r a stone- we can easily reduce it to 
powder; and if it wer« possible to reckon all the 
little erains which form that powder, their number 
would undoubtedly be so great, that it would be 
matter of surprise to have divided the stone into so 
many parts. But these very grains will be almost 
indivisible with respect to ua, as no inatnmient we 
could employ will be able to lay hold of them. But 
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It cannot with truth be affirmed that they ite indi- 
TiBible in themselves. You have only to view them 
with a good microscope, and each wUl appear itself 
a cODsiderable stone, on which are distinguishable a 
great many points and inequaUtJes; which demon- 
strates the poasibiU^ of a further division, though 
we are not in a condition to execute it. For wher- 
ever we can distinguish several points in any object, 
it must be divisible in so many parts. 

We speak not, therefore, of a division practicable 
by our strength and skill, but of that which is pos- 
sible in itself, and which the Divinie Omnipotence is 
able to accomplish. 

It is in this sense, accordingly, that philosophers 
nse the word "divisibility ;" so that if there were a 
stone BO hard that no force could break it, it might 
be without hesitation affinned that it ia as divisible 
in its own nature as the most brittle of the same 
ma^tude. And how many bodies are there on 
which we cannot lay any hold, and of whose divisi- 
bility we can entertain not the Bmallest doubt < No 
one donbts that the moon ia a divisible body, tiiough 
he ia incapable of detaching the smallest particle 
from it; and the simple reason for its divisibility is 
its being extended. 

Wherever we remark extension, we are under the 
necessity of acknowledging divisibility, so that di- 
visibility is an inaeparable property of extension. 
But expierience likewise demonstrates that the divi- 
sion of bodies extends very far. 1 shall not insist 
at great length on the instance usually produced .of 
a ducat: the artisan can beat it out into a leaf so 
line as to cover a very large surface, and the ducat 
may be divided into as many parts ad that surface is 
capable of being divided. Our own body famishes 
an example much more surprising. Omy consider 
the delicate veins and nerves with which it is filled, 
and the fluids wtiich circulate through them. The 
■niMilty there discoverable far surpasses imagination. 
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llie smaUest insecte, Buch as are scarcely risible 
lo the naked eye, have all their members, and legs 
on which they walk with amazing velocity. Hence 
we see that each limb has its muacles composed of a 
great number of fibres; that they have Teins and 
nerres, and a fiuid still much more subtile which 
flowB through their whole extent. 

On viewing with a good microscope a -single drop 
of water, it has the appearance of a sea; we see 
thousands of living creatures swimming in it, each 
of which is necessarily composed of an mfinite num- 
ber of muscular and nervous fibres, whose marvel- 
lous structure ought to excite our admiration.* And 
though these creatures may perhaps be the smallest 
which we are capable of discovering by the help of 
the microscope, uDdoubtedly they are not the small- 
est which the Creator has produced. Animalcules 
probably exist as small relatively to them aa they 
are relatively to ua. And these after all are not yet 
the smallest, but may be followed by an infinity of 
new classes, each of which' contains creatures ia~ 
comparably smaller than those of the preceding 

We ought in this to acknowledge the omnipotence 
and infinite wisdom of the Creator, as in objects of 
the greatest magnitude. It appears to me that the 
consideration of these minute species, each of which 
is followed by another inconceivaUy more minute, 
ought to make the liveliest impression on out minds, 
and inspire us with the most sublime ideas of the 
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woiks of ihe Almighty, whose power knows no 
bounds, whether as to great objects or sinsll. 

To imagine, that aAer having; divided a body into 
a great number of parts, we arrive at length at par- 
ticles so small as to defy all further division, is there- 
fore the indication of a very contracted mind. But 
supposing it possible to descend to particles so mi- 
nute as to be, in their own nature, no longer divisi- 
ble, as in the case of the supposed mona& ; before 
coming to this point, we shall have a particle com- 
posed of only two monads, and this particle will be 
of a certain magnitude or extension, otherwise it ' 
could not have been divisible into these two monads. 
I.et us further suppose that this particle, as it has 
some extension, may be the thousandth part of an 
inch, or still smaller if you will — for it is of no im- 
portance ; what 1 say of the thousandth part of an 
Inch m^ be said with equal truth of every sm.aller 
part. This thousandth part of an inch, then, is com- 
posed of two monads, and consequently two monads 
together would be the thousandth part of an inch, 
and two thousand times nothing a whole inch; the 
absurdity strikes at lirst sight. 

The partisans of the system of monads accoidingly 
riirink frtun the force of this argument, uid are re- 
duced to a terrible nonplus when asked how many 
monads are requisite to constitute an extension. 
Two, they apprehend, would appeaV insufficient, 
they therefore allow that more must be necessary. 
But if two monads cannot constitute extension, as 
each of the two has none, neither 'three, nor four, 
nor any niunber whatever wilt produce it ; and thia 
completely subverts the system of monads. 

OlA May, 1761. 




The partisans or monads are far from Bubmitting 
to the arguments adduced to establish the divisibility 
of body to infinity. Without attacking ihem directly, 
they allef^ thai divisibility in inftnitum is n ch'i- 
meraof geometricians, and that it is involved in con- 
tradiction. For if each body is divisible to infinity, 
it would contain an infinite number of parts, the 
emHllest bodies as well as the greatest ; the number 
of these particles to wliich divisibility in infinitum 
would lead, that is to say, the most minute of which 
bodies are composed, will then be as great in the 
smallest body as in the larreet, this number being 
infiruie in both; and hence tne partisans of monads 
triumph in their reasoning as invincible. For if the 
number of ultimate' particles of which two bodies 
are composed is the same in both, it must' follow. 
Bay they, that the- bodies are perfectly equal to each 
other. 

Now this goes on the supposition that the oltt- 
mate particles are all perfectly equal to each other; 
for if sonie were greater than others, it would not bo 
surprising that one of the two bodies should be much 
greater than ti^e other. But it is absolutely ne«es- 
aary, say they, that the ultimate particles of all 
bodies should be equal to each other, as they nn 
longer have any extension, and their magnitude abso- 
lutely vanishes, or becomes nothing. They even 
form a new objection, by alleging that all bodies 
wouldbecomposedof an infinite numbefof nothings, 
which is a still greater absurdity. 

1 readily admit this; but I remark, at the same 
time, that it IB becomes them to raise such an ob- 
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jectioR, seeing they maintaia that all bodies aro 
composed of a certain number of monadB, though, 
relatively to magnitude, they are absolutely nothings ; 
sn that by their own conreasion several nothings are 
capable of producing a body. They are ri^t in 
saying their monads are not nothings, but beings 
endowed with an excellent quality, on which the na- 
ture of the bodies which they compose is founded. 
Now, Ibe only question here is respecting extension ; 
' and as they are under the necessity of admitting that 
the monads have none, several nothings, according 
to them, would always be something. 

But 1 shall push this argument against the system 
of meiiada no farther; my object being to make a 
direct reply to the objection founded on the ultimate 
particles of bodies, raised by the monadists in sup- 
port of their system, by which they flatter themselves 
in the confidence of a complete victory over the 
partisans of divisibility in infinitum. 
. I should be glad to know, in the first place, what 
they mean by the tiiitmaU particltt of bodies. In 
their system, according to wntctkevery body is com- 
posed of a certain number of monads, I clearly com- 
preliepd that the ultimate parttcles of a body are tbe 
monads themselTes which constitute it; but in the 
system of divisibihty in infinitum, the term ultimate 
particle is absolutely unintelligible. 

They are right in saying, that these are the par- 
ticles at which we arrive from the division of bodies, 
after having continued it to infinity. But this is 
just the same thing with saying, after having finished 
^division which never comes to an end. For divisi- 
bility' in inlinituni means nothing else but, the pos- 
sibility of always carrying on the division, witnout 
ever arriving at the pomt where it would' be neces- 
sary to stop. He who maintains, divisibility in in- 
finitum boldly denies, therefore, the existence of the 
ultimate' particles of body ; and it is a manifest con- 




tndietkNi to mppoae at oncv ihimate particles an! 
diTtsibilitT in infinitimi. 

I rerdr.' then, to tbe pftitisaiis of the srstem or 
■omcb, thai their objectiiMi to the diTisibihty of 
haij to infinity would be a very soUd one, did that 
Kfttaet admit of nltiiiuite particles; but being ei- 
BKsdy«xclDded from it, all this reasoning of cooraa 
Ub to the fnMrod. 

II is Mm. therefore, that in the system of divisi- 
bility in infinitiBn bodies an composed of an ioMty 
Of partkles. Howerer closely connected these two 
propo&itioDS may appear to the partisans of monadi, 
they manifest)* contradict each ofher ; for whoever 
Maintains that body is diyisible in inflnitam, or witb- 
ovt end, ahsohitety denies the existence of ultimate 
pwticles, aod ronsequeotly has no concnni in the 
qnestioo. ' Tlietenncaiionlymeansnchpartjctesas 
an no longer diiisible-'W) idea totally iocoosiatent 
with the sT«em of divisibility in inOnilnm. This 
fiHtwdable attack, then, b completely repeUM. 

Itdt May. 1761. 

LETTER Xni. 



Yoo mmt be perfectly sensible that one of the two 
sjrstcms which have imderKone sQch ample disciu- 
sion iatiecessanly true, and the other falK, s«eins 
they are contradictory. 

It is admitted on both sides that bodies are diviai- 
Wb; the only question is, Whether this divisibility 
is limited r or. Whether it may always bo carried 
further, without the possibihty of ever arrivine at 
lodivinble particles \ . 

The system of monads is established in the former 
caae, smce after hating divided a body into indiviai- 
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ble particles, these very particles are monads, and 
there would be reason for saying that all bodies are 
composed of them, and each of a certain determinate 
number. Whoever denies the syatem of monads 
must hTiewiae, then, deny that 'tite divisibility of 
bodies is limited. He is nnder the necessity of 
maintaining that it is always possible to carry this 
divisibility further, without ever being obliged to 
Slop ; and this is the case of divisibility in infinitum, 
on which system we absolutely deny the existence 
of ultimate particles; consequently the difficulties 
resulting from their infinite number fall to the ground 
of themselves. In denying monads, it is impossible 
to talk any longer of ultimate particles, and still less 
of 'the number of them which enters into the com- 
position of each body. 

You must have remarked that what I have hitherto 
produced in support of the system of monads is des- 
titute of solidity. 1 now proceed to inform you, that 
its supporters rest their cause chiefly on the great 

Erinciple of the lufficient reason, which they know 
ow to employ so dexterously that by means of it 
they are in a condition to aemonstrate whatever 
suits their purpose, and to demolish whatever makes 
against them. The great discovery made, then, i« 
this, Thai nothing can be without a mffident retaon : 
and to modem philosopherfl we stand mdebted for it. 
In order to give you an idea of this principle, you 
have only to consider, that in every thin^ presented 
to you. It may always be asked. Why is it such? 
And the answer is, what they call the nuffieient rea- 
son, supposing it really to correspond with the ques- 
tion proposed. Wherever the why can take place, 
the possibility of a satisfactory answer is taken for 
granted, which shall, of course, contain the sufficient 
reason of the thing. 

This is very far, however, from being a mystery 
of modem discovery. Men in every age have asked 
wAy-*^!) inconteatable proof of their conviction thai 
Vol. II.— E 
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every thin;; must have a satisfying reaaon of its ex- 
istence. This principle, Ihsl nothing it wtlhoutacaittg, 
was very well known to ancient philosophetB ; but 
unhappily this cause is for the most part concealed 
from us. To little purpose do we ask why; no oue 
is qualified lo assign the reason. It is not a matter 
of doubt that every thing has its cause ; but a pro- 
gress thus far hardly deserves the name ; and so lon^ 
as it remains concealed, we have not advanced a 
single step in real knowledge. 

You may perhaps imagine that modem philoso- 
phers, who make such a boast of the principle of a 
sufficient reason, have actually discovered that of all 
things, and are in a condition to answer every why 
that can he proposed lo them ; which would un- 
doubtedly be the very summit of human knowledge : 
but in thta respect they are just as ignorant as their 
neighbours: their whole merit amounts to no more 
than a pretension to have demonstrated, that wher- 
ever it is possible to ask the question viht/, there 
must be a satisfactory answer to it, though concealed 

They readily admit that the ancients had a know- 
ledge of this principle, but a knowledge very ob- 
scure ; whereas they pretend to hsTC placed it in its 
clearest light, and to have demonstrated the truth of 
it 1 and therefore it is that they know bow to turn it 
most to their account, and that this principle puts 
them in a condition to prove that bodies are com- 
posed of monads. 

Bodies, say they, must have their sufficient reason 
somewhere: but if they were divisible to infinity, 
such reason could not take place; and hence they 
conclude, with an air altogether philosophical, that 
at eeeiy thing musl have its sufficient reaton, it is 
abtf^utely necessary that all bodies ihovld be conwosed 
of monads — which was to be demonstrated. This, I 
must admit, is a demonstration not to be resisted. 

It were greatly to be wished that a reasoning ut 




slight could elucidate to U9 questions of tbi» import- 
ance ; but 1 franldy confess 1 comprehend nothing 
of the matter.' Tney talk of the sufficient reason 
of bodies, by which they mean to reply to a certain 
wherefore, which remains unexplained. But it would 
be proper, undoubtedly, clearly to understand and 
carefully to examine a questLou, before a reply is 
attempted ; in the present case, the answer is given 
before the question is formed, ■ 

Is it asked, Why do bodies exist 1 It would be 
ridjcaloua, in my opinion, to reply, Because they are 
composed of monads : as if they contained the cause 
o( that esistence. Monads have not created bodies; 
and when I ask, Why such a being exists ! 1 see no 
other reason that can be given but this, Because the 
Creator has given it existence ; and as to the man- 
ner in which creation is performed, philosophers, I 
think, would do well honestly to acknowledge their 
Ignorance. 

But they maintain, that God could not have pro- 
duced bodies without having created monads, which 
were necessary to form the composition of them. 
This manifestly supposes that bodies are composed 
of monads, the point which they meant to prove by 
this reasoning. And you are abundantly sensible, 
that it is not fair reasoning to take for granted the 
truth of a proposition which you are bound to prove 
by reasoning. It is a sophism known in logic by 
the name of a petitio prineipii, or begging the quea- 
tion. 
. litk May, IT61. 
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LETTER XIV. 



Anether Argmnent of the Mpnadutt, derived from ch* 
Principlt: of the Sufficierti Reaion. AlMurditiei rt- 
nltingfrom it. 

The partisans of monads likewise derive their 
grand ar^ment from the principle of the sufficient 
reasDiii by alleging that they could not even cooi- 
prehend the possibility of homes, if thev were divisi- 
ble to infinity, as there would be nothing in them 
capable of checking imagination ; they must have 
ultimate particles or elements, the composition of 
which must serve to explain the composition of 
bodies. 

But do they pretend to understand the possibility 
of all the things which exiat? This would savour 
too muchof pride; nothing is more comiaon among 
[dulosopherB than this kind of reasoning — 1 camiot 
comi)reliend the possibility of this, unless it is such 
as 1 imagine it to be; therefore it necessarily must 

You clearly comprehend the frivolousness of such 
reasoning; and that in order to arrive at tnith, re- 
search much more profound must be employed. Ig- 
norance can never become an ar^ment to conduct 
us to the knowledge of truth, and tne one in Question 
is evidently founded on ignorance of the ailTerent 
manners which may render the thing possible. 

But on the supposition that nothing exists but that 
whose possibility they are able to comprehend, is it 
possible for them to explain how bodies would be 
composed of monads ' Monads, having no exten- 
sion, must be considered as points in geometiy, or 
as we represent to ourselves spirits and souls. Now 
it is well known that many geonieirical points, let 
the Dumber be supposed ever so great, never can 
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produce a line, and consequently slill less a surface, 
or a body. It a thousand points were sufficient to 
constitute the thousandth part of an inch, each of 
these must necessarily have an extension, which 
takea s thousand times would become equal to the 
thousandth part of an inch. Finally, it is an iacoO' 
testable tnith, that take any number of points you 
will, they can never produce extension. I speak here 
of points soch as we conceive in geometry, without 
any length, breadth, or thickness, and which in that 
respect are absolutely nothing. 

Our philosophers accordingly admit that no ex- 
tension can be produced by geometrical points, and 
they solemnly protest that their monads ought not 
to be confounded with these points. They have no 
more extension than points, say they; but they are 
invested with admirable qualities, such as represent- 
ing to them the whole universe by ideas, though ex- 
tremely obscure; and these qualities render them 
proper to produce the phenomenon of extension, or 
rather that apparent extension which 1 formerly 
mentioned. The same idea, then, ought to be 
formed of monads as of spirits and souls, with Uiis 
difference, that the faculties of monads are much 
more imperfect. 

The difficulty appears to me by this greatly in- 
creased; and 1 flatter myself you will be of my 
opinion that two or more spirits cannot possibly be 
joined so as to form extension. Several spirits may 
very well form an assembly or a council, but never 
an extension; abstraction made of the body of each 
counsellor, which contributes nothing to the delibe- 
ration going forward, for this is the production of 
spirits only ; a council is nothing else but au assem- 
bly of spirits or souls : but could such an assembly 
represent an extension 1 Hence it follows that 
monads are still less proper to produce extension 
than geometrical points are. 

Th« partisans of the system, accordingly, are not 
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agreed as to this point. Some allege, that n _ 
are actual parts or bodies ; and that afl«r haTing 
divided a body as far as possible, you then arrive at 
the monads which CMistitute it. 

Others absolutely deny that monads can be con- 
sidered as constituent parts or bodies ; accordins to 
them, thej contain ouly the sufficient reaaon: whila 
the body le in motion, the monads do not stir, but 
theycontain the sufficient reasonof motion. Finally, 
tiiey cannot touch each other; thus, when my hand 
touches a body, no one monad of my band touches 
a monad of the body. 

What is it then, you wilt aak, that touches in this 
case, if it is not the monads which compose the hand 
and the body T The answer must be, that two no- 
things touch each other, or rather it must be denied 
that there is a real contact. It is a mere illuHion, 
destitute of all foundation. Thev are under the ne- 
cesaity of affirming the same thing of all bodiea, 
which, according to these philosophers, are only- 
phantoms farmed by the imagination, representing 
to itaetf very confusedly the monads which contain 
the sufficient reason of all that we deooounate body. 



mysteries, it is our stupidity that keeps up an attach- 
ment to the gross notions of the vulgar. 

The greatest singularity in the case is, that these 
philosophers, with a design to iovestigate and explain 
the nature of bodies and of extension, are at last re- 
duced to deny their existence. This is undonbtedly 
the surest way to succeed in explaining the phe- 
nomena of nature ; you have only to deny them, and 
to aileee iri proof the principle of the sufficient rea- 
son. Into such exlravagances will philosophere run 
rather than acknowledge their ignorance. 

Idl/iMay, 1761. 
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Refteetiim* on tA« Sftttm tf Monad*' 

It wonM be a great pity, howevf r, that this inge- 
aioiis ay^m or monads should crumble into ruins. 
It has made too much noise, it has coat its ptartisana 
too many sublime and profound apeculafions, to be 
permitted to sink into total oblivion. It wiU ever 
remain a striking monument of the extravagance 
. into which the apiht of philosophizing may run. It 
is well worth while, then, to present you with a more 
particular account of it. 

It is necesaary, first of all, to banish from the mind 
every thing eoTporeal— all extension, all motion, all 
time and spac^^for all these are mere illusion. 
Nothing exists in the world but monads, the number 
of which undoubtedly ia prodigious. No one monad 
is to be found in connexion with others ; and it ia 
demonstrated by the principle of the sufficient rea- 
son that monads can in no manner whatever act 
upon each other. They are indeed invested with 
powers, but these are exerted only within themselves, 
without having the least inSuence externally. 

These powers, with which each monad is endowed, 
have a tendency only to be continually changing, 
their awn state, and consist in the representation of, 
all other monads. My soul, for example, is a mo- 
nad, and contains in itself ideas of the state of all 
other monads. These ideas are for the most part 
very obscure ; but the powers of my soul are con- 
tinually employed in their further elucidation, and 
in carrying them to a higher degree of clearness. 
Other monads have, in this respect, a sufficient re- 
semblance to my soul; each is replete with a pro- 
digious quantity of obscure ideas ot all other motiads, 
and of their state ; and they are continually exerting 
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themselves with more or less success in unfolding 
these ideas, and in carrying them to a higher degrea 
of clearness. 

Such monads as have succeeded better than I hare 
done are spiritB more perfect; but the greater part 
still remain in a state of stagnation, in the greatest 
obscurity of their ideas ; and when thev are the ob* 
ject of the ideas of my aoul, they produce in it the 
illusory and chimerical idea of extension and of 
body. As often as my soul thinks of bodies and of 
motion, this proves that a great quantity of other 
monads are still buried in their obscuritv; it is like~ 
wise when 1 think of them that my soul forms within 
itself the idea flf some eilension, which is conse- 
quently nothing but mere illusion. 

The more monads there are plunged in the abyss 
of the obscurity of their ideas, the more is my soul 
dazzled with the idea of extension ; but when they 
come to clear up their obscure ideas, extension seems 
to me to diminish, and this produces in my aoul the- 
illusory idea of motion. 

You will ask, no doubt, how my soul perceives 
that other monads succeed indeveloping then* obscuro 
ideas, seeini^ there is no connexion between them 
and me. The partisans of the system of monads 
are ready with this reply, that it takes place conform- 
ably to the perfect harmony which the Creator (who 
is himself only a monad) has established betweea 
monads, by which each perceives in itself, as iu a 
mirror, every development produced in olhere, with- 
out any manner of connexion between them.- 

It is to be hoped, then, that all monads may at 
length become so happy as to clear up their obscure 
ideas, and then we should lose all ideas of body and 
of motion ; and the illusion, arising merely from the 
obscurity of ideas, would entirely cease. 

But there is little appearance of the arrival of this 
bleased state ; most monads, after having acquired 
the capacity of clearing up their obscure ideas, sud- 




several monadB have then unfolded their ideas ; but as 
nxm as 1 walk abroad, and contemplate the vast ex- 
panse of heaven, they must all have relapsed into 
their stale of dulnesa. 

There is no chai^ of. place or of motion ; all 
that is illusion merely : my soul remains almost 
always in the same place, just as all other monads. 
But when it begins to unfold some ideas which 
before were but very obscure, it appears to me then 
that I am approaching the object which they repre- 
sent to me, or rather that which the monads of such 
idea excite in me ; and this is the real explanation 
of the phenomenon, when it appears to ua that we 
are approaching to certain objects. 

It hspnena but too frequently that the elucida- 
tions we had acquired are again lost ; then it appears 
to us that we are removing from the same oDject. 
And here we must look for the true solution of our 
joumeyinga. My idea, for example, of the city of 
Magdeburg is produced by certain moijads, of which 
at present 1 have but very obscure ideas ; and this 
is the reason why I consider myself as at a distance 
from Magdeburg, Last year these same ideas sud- 
denly became clear, and then 1 imagined I was 
travelling to Masdeburg, and that 1 remained there 
Kveral mya. This journey, however, was an illb- 



travelling to Masdeburg, and that 1 remained there 
'al mya. This journey, however, was an illb- 
mer^y, for my soul never stirs from its place. 
It is likewise an illusion when you imagine yourself 
absent from Berlin, because the confused repre- 
sentation of certain monads excitea an obscure idea 
of Berlin, which you have only to clear up, and that 
instant you are at Berlin. Nothing more is neces- 
sary. What we call journeys, and on which we 
expend so much money, is mere illusion. Such is 
the real plan of the system of monads. 

Vou will ask. Is it possible there ever should have 
been peiaons of good sense who seriously maintained 
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these ettravagances T I reply, there have been but 
too many, that 1 know several of Ibem, that then 
are some at Berlin, nay, perhaps at Magdeburg'. 
S3d May, ITei. 



LETTER XVI. 



The system of monads, sdch as I have been de- 
scribme it, is a necessary consequence from the 
principle that bodies are compounded of simple 
beings. The moment this principle is admitted, 
you are obliged to acknowledge the justness of all 
the other consequences, which result from it bo 
naturally that it is impossible to reject any one, 
however absurd and contradictory. 

First, these simple beinRS, which must enter into 
the composition ofbodies, being monads which have 
no extension, neither can their compounds, that is 
bodies, have any; and all these extensions become 
illusion and chimera, it being certain thai parts des- 
titute of extension are incapable of producing a real 
extension ; it can be at most an appearance or a 
phantom, which dazzles by a fallacious idea of exten- 
sion. In a word, every thing ttecomes illusion ; and 
Upon this is founded the system of pre-established 
harmony, the difficulties of which I have already 
pointed out. 

It is necessary then to take care that we be not 
entangled in this labyrinth of abaurdities. If you 
make a single false step over the threshold, you are 
involved beyond the power of escaping. Every 
thing depends on the lirst ideas formed of extension : 
and the mamier in whicli the partisans of the system 
of monads endeavour to estabLsh it is extremely 
seductive. 

These philosophers do not like to speak of the ex- 
tension cf bodies, because they clearly foresee that 
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it moat become fatal to them in the aeqael; but 
instead of saying that bodies are extended, they 
denominate them compound beings, which do one 
can deny, as exlenaion necessarily supposes divisi- 
bility, and consequently a combination oi parts whicii 
constitute bodies. But they presently make a wrong 
use of this notion of a compound Ming. For, say 
they, a being can l>e compounded only so far as it is 
made up of simple beings ; and hence they conclude 
that every body ia compounded. of simple beings. 
Jus Boon as you grant them this conclusion, you are 
caught beyond the power of retreating ; for you are 
under the neceaaily of admitting that these simple 
beings, not being compounded, are not extended. 

This captious argument ia exceedingly seductive. 
If you permit yourself to be dazzled with it, they 
have gained their point. Only admit this proposi- 
tion, bodiea are compounded of simple beings, tliat 
is, of parts wtiich have no extension, and you are 
entangled. With all your might, then, resist this 
assertion — -every eampmaxd being is made up oj simple 
beings; and though you may not be able directly to 
prove the fallacy, the absurd conseqiiences which 
immediately result would be sufficient to over- 
throw it. 

In effect, they admit that bodies are extended; 
from this point the partisans of the system of mo^ 
nads set out to establish the proposition that they 
are compound beings ; and having hence deduced 
that bodies are compounded of simple Iveings, they 
are obliged to allow that simple beings are incapable 
of producing real extension, and consequently tliat 
' the extension of bodies is mere illusion. 

An ar^ment whose conclusion is a direct con- 
tradiction of the premiaea is singularly strange: 
this reasoning sets out with advancing that bodies 
are extended ; for if they were not, how could it be 
known that they are compound beings — and then 
cotnea the conclusion that they are not so. Never 
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nothing to be gained, they loudly exclaim that you 
are attacking ue principle of the sufficient reason, 
which IB the basis of all certainty, even of the ex- 
istence of God. According to them, whoeyer refusea 
to admit monads, and rejects the magnificent fabric, 
in which every thing is illusion, is an infidel and an 
atheist. Sure I am that such a frivolous imputatitm 
will not make the slightest impression on your mind, 
but that you will perceive the wild extravagances 
into whicn men are driven when they embrace the 
system of monads — a eysiem too absurd to need a 
refutation in detail ; their foundation being absolutely 
reduced to a wretched abuse of the principle of the 
sufficient reason. 
36M May, 1761. 



LETTER XVII. 

of Refi«etions on thU Syttem. 

Wc are under the neceasity of acknowledging the 
divisibility of bodies in infinitum, or of admitting the 
system of monads, with all the extravagances result- 
ing from it ; there is no other choice — an alternative 
which supplies the partisans of that system with 
another formidable argument in support of it. 

They pretend, that by divisibihty in infinitum we 
are obliged to ascribe to bodies an infinite quality, 
whereas it is certain that God atone is infinite. 

The partisans of the system of monads are very 
dangerous persons ; they accused us of atheism, and 
now they charge us with polytheism, alleging that 
we ascrioe to all bodies infinite perfections. Thus 
we should be much worse than pagans, who only 
worship certain idols, whereas we are accused of 
paying homage to all bodies, as so many divinities. 
A dreadful imputation, no doubt, were it well 
founded ; and I should certainly prefer embracing 

Vei.. U.— F 
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the system of monads, with all the chimeras and 
illusions which flow from it, to a declaraiion in Tavom: 
of divisibility in infinitntn, if it involved a conclusion 
so impious. 

You will allow, that to reproach one's adversaries 
with atheism or idolatry is a very strange mode of 
arguing; but where do they find us ascribing to 
bodies this divine infinity f Are they infimtely 
powerful, wise, good, or happy 1 By no means: 
we only affirm, tl^t on dividuw bodies, though the 
division be carried on ever »o lar, it will always be 
possible to continue it furrier, and that yon never 
can arrive at indivisible particles. It may accord' 
ingly be affirmed, that the divisibility of bodies is 
without linuts; and it is improper to use the term 
infinity, which is applicable to God alone. 

I must remark at Ihe same time, that the word 
" infinity" is not so dangerous as these philosophers 
insinuate. In saying, fur example, infinitely wicked, 
nothing is more remote from the perfections of 
God. 

They admit that our souls will never have an end, 
and thus acknowledge an infinity in the duration of 
the soul, without marking the least disrespect to 
the infinite perfections of God. Again, when you 
ask Iheni if the extent of Ihe universe is bounded, 
are they very indecisive in their answer 1 Some of 
them very frankly allow that the extent of the uni- 
verse may very probably be infinite without our 
being able, however far our ideas are carried, to 
determine its limits. Here then is one infinity 
more which they do not deem heretical. 

For a still stronger reason, divisibility in infinitum 
ought not to give them the least offence. To be 
divisible to infinity is not surely an attribute which 
any one could ever think of ascribing to the Supreme 
Being, and does not confer on bodies a degree of 
perfection which would not be far from that which 
these philosophers allow them in compoundinf 




them of monads, which on their syatem are beingS' 
endows with qualities bo eminent that they do not 
hesitate to give to God himself the denomination of 
monad. 

In truth, the idea of a division which may be con- 
tinued without any bounds contains so little of the 
character of the Deity that it rather places bodies 
in a nmk far inferior to that which spirits and our 
Boula occupy ; for it may well be affirmed that a 
Boul in its essence is infinitely more valuable than 
all the bodies in the worid. But on the syatem of ■ 
monads, every body, even the vilest, is compounded 
of a vast number of monads, whose nature has a 
great resemblance to that of oQr souls. Each monad 
represents to itself tlie whole world as easily as our 
soula ; but, say they, their ideas of it are very ob- 
scure, though we t^ve already clear,and sometimes 
also distinct ideas of it. 

But what assurance have they of this difference T 
Is it not to be apprehended that the monads which 
compose the pen wherewith I am writing may have 
ideas of the universe much clearer than those of 
my soul \ How can I be assured of the contrary t 
I ought to be ashamed to employ a pen in conveying 
my feeble conceptions, while the monads of which 
it consists possibly conceive much more sublimely ; 
and you might have i^ater reason to be satisfied, 
should the pen commit its own thoughts to paper in- 
stead of mme. 

In the syatem of monads that is not necessary; 
the soul represents to itself beforehand, by its in- 
herent powers, ail the ideas of my pen, but in a very 
obscure manner. What I am now taking the liberty 
to suggest contributes absolutely nothing to your 
information. The partisans of this system have de- 
monstrated that simple beings cannot exercise the 
slightest influence on each other ; and your own soul 
derives from itself what I have been endeavouring 
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to convey, without my liaving any concern in ths 
matter. 

Conversation, reading, and writing, therefore, are 
merely chimerical and deceptive formalities, which 
illusion would imfKise upon us as the meaua of ac~ 
quiring and extending knowledge. ^Sut I have already 
had the honour of pointing out to you the wonderfi^ 
consetjuences resulting from th« eyetem of the pre- 
establiahed barmonv ; and I am apprehensive that 
these reveries may nave become too severe a trial 
of your patience, though many persons of superior 
illumination consider this system as the most sub- 
lime production of human understanding, and are 
incapable of mentioning it but with the most pro- 
found respect* - 

SOihMay, 1761. 
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LETTER XVIII. 

Elucidation respecting the Nature of Coiouri, 

I AM under the necessity of acknowledging, tbat 
the ideas respecting colour which I have sdrcady 
taken ihe liberty to suggest* come far short of that 
degree of evidence to wliich I could have wished to 
carry them. This aubject has hitherto proved a 
etumbling-lilock to philosophers, and! must not Halter 
myself with the belief that I am able to clear it of 
every difficulty. .1 hope, at the same time, that the 
elucidations which I am going to submit to your 
examination may go far towards removing a con- 
siderable part of them. 



they were asked, for example, why such a body was 
red, they answered, it was in virtue of a<iuality whicli 
made it appear red. Vou must be sensible that such 
an answer conveys no information, and that it would 
have been quite as much to the purpose to confess 
ignorance. 

Deicarles, who first had the courage to plunge into 
the mysteries of nature, ascribes colours to a certain 
mixture of light and shade, which last, being nothing 
else but a want of light, as it is always foiuid where 
the light dues not penetrate, must be incapable of 
producing the different colours we observe. 

Having remarked that the sensations of the organ 
of sight are produced by the rays which striko tnat 
organ, it necessarily follows that those which excite 
in it the sensation of red must be of quite a different 
nature from those which produce the sensation of 
the other colours ; hence it is easily comprehended 

• Sn bmn XXVn, XXVm, u» XXXI., In nl. L' 
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that each colour ia attached to a certain quality of 
the rays which strike the organ of Tision. A body 
appears to ua red when the rays which it emits are 
of a nature to excite in our eyes the Bensation of 
that colour. 

The whole, then, results in an inquiry into the 
difference of the rays which variety of colours pro- 
duces. This difference must be greal to produce so 
many particular sensations in our eyes. But whereiu 
can it consist ! This is the great question, towards 
the solution of which our present research is directed. 

The first difference between rays which presents 
itself is that some are stronaer than others. It can- 
not be doubted that those of the sun, or of any other 
body very brilliant, or very powerfully illuminated, 
must be much stronger than those of a body feebly 
illuminated, or endowed with a slender def^^e of 
light ; our eyes ate assuredly struck in a very differ- 
ent manner by the one and by the other. 

Hence it might be inferred, that different colours 
' result from the force of the rays of light ; so that the 
moat powerful rays should produce, for example, 
red ; tViose which are leS» so, yellow ; and in pro- 
gression, green, and blue. 

But there is nothing more easy than to overturn 
this system, as we know from experience that the 
same body always appears to be of the same colour, 
be it less or more illuminated, or whether its rays 
be strong or feeble. A red body, for example, ap- 
pears equally red, exposed to the brightest lustre of 
the sun, and in the shade, where the rays are ex- 
tremely faint. We must not, then, look for the 
cause of the difference of colour in the different de- 

Sees of the force of rayB of light, it being possible 
represent the same colour as well by very forcible 
as by very faint rays. The feeblest ghmraeririg 
serves equally well 10 discover to us difference of 
coloturs, as the brightest effulgence. 
It is absolutely necessary, therefore, that there 
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should be another difierence of rays discovered, 
which may characteriie their nature relatively to 
the different colours. You will undoubtedly con- 
clude, that in order to discover thia diSerence we 
must be better acquainted with the nature of lomi. 
nous rays ; in other words, we must know what it is 
that, reaching our eyes, renders bodies visible ; this 
definitian of a ray must be the justest, as in efi^ct it 
is nothing else but that which enters into the eye by 
the pupil, and excites the sensation in i[. 

I have already informed you that there are only 
two systems or theories which pretend to explain 
the origin and nature of ravs of light. The one is 
that of Newton, who considers them as emanationa 
proceeding from the son and other luminous bodies ; 
and the other that which 1 have eadeavouied to 
demonstrate, and of which I have the reputation of 
being the author, though others have had nearly Uio 
same ideas of it. Perhaps I may have succeeded 
better than they in carrying it to a higher degree 
of evidence. Itwillbeofimportance, then, to show, 
m both systems, on what pruiciple the difference of 
colours may be established. 

In that of emanation, wliich supposes the rays to 
issue from luminous bodies, in the form of rivers, or 
rather of fountains, spouting out a duid in all direc- 
tions, it is alleged that the particles of hght differ in 
size or in substance, as a fountain might emit wine, 
oil, and other liquids ; so that the different colours 
are occasioned by the diversity of the subtile matter 
which emanates from luminous bodies. Red would 
be, accordingly, a subtile matter issuing from the 
luminous b<Ay, and so of yellow and the othw 
colours. This explanatiota would exhibit clearly 
enough the ori^n of the different colours, if the sys- 
tem itself had a solid foundation. I shall enter into 
the subject more at large in my next Letter. 

3d Juni, 1761. 
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LETTER XiX. 
R^eclioru on tie Analogy betxeeen Colours and Sounds. 

You will be pleased lo recollect the objections 1 
offered to the ayatem of the emanation of light." 
They appear to me so powerful ns completely to 
overturn that system. I have accordingly succeeded ■ 
in my endeaTOuTB to convince certain natural phi- 
losophers of distinction, and they have embraced my 
sentiments of the subject with expressions of singu- 
lar satisfaction. 

Rays of light, then, are not an emanation from 
the sun and other luminous bodies, and do not con- 
sist of a subtile matter emitted forciblj^ by the sun, 
and transmitted to us with a rapidity which may well 
fill you with astonishment. If the rays employed 
only eight minutes in their couree from the sun to 
us, the torrent would be terrible,t and the mass 'of 
that luminary, however vast, must speedily be ex- 
hausted. 

According to my system, the rays of the sun, of 
which we have a sensible perception, do not proceed 
immediately from that luminary ; they are only par- 
ticles of ether floating around us, to which the sua 
communicates nearer and nearer a motion of vibra- 
tion, and consetjuently they do not greatly cliange 
their place in this motion. 

Thispropagation of light is performed ma manner 
similar to that of sound. A bell, whose sound you 
hear, by no means emits the particles which enter 
your ears. You have only to touch it when struclc 
to be assure^ that all its parts are in a very sensible 

• aMLMunxvn.uiJXvni.iD<ai.i. 

1 Ttt nplillir or llit profnaof lljbi, ir Ji In otijiFllgnitile on Ik* 
Ttlpeiiy <■ ■ ao diriiwd Avm otaimilat, ud !• ind^pitndmi ■4' iMv}-, 
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agitation. ThisagitaiioDimmediatelycommQiucat«R 
itself to the more remote partictea of air, bo thut alt 
receive from it auccesBlvely a similar motion of vi- 
bration, which, reaching the ear, excite in it the sen- 
eation of sound. The atringa of a musical instru- 
ment put the matter beyond Sn doubt ; you see them 
tremble, go and come. It is even possible to deter- 
termine by calculation how olten m a second each 
string vibrates ; and this agitation, being communi- 
cated to the particles of air adjacent to the organ 
of hearing, the ear is struck by it precisely aa often 
in a second. It is the perception of this tremulous 
Hsiiatioa which constitutes the nature of sound. 
Tlie greater the number of vibrationa produced by 
the string in a second, the higher or sharper is 
the sbund. Vibrationa tesa frequent produce lower 

. We Rnd the circumstances which accompany the 
■iiisation of hearin|[, in a manner perfecUy ai^ogous, 

in that of sight. 

The medium only and the rapidity of the vibra- 
tions dilTer. In sDund, it is the air through which 
the vibrations of sonorous bodies are tranamilted. 
But with respect to light, it is the ether, or that me- 
dium incomparably more subtile and more elastic 
than air, which is universally diSUsed wherever the 
air and grosser bodies leave interstices. 

A« often, then, as this ether is put into a state of 
vibration, and is transmitted to tne eye, it excites 
in it the sentiment of vision, which is in that case 
nothing but a similar tremulous motion, whereby 
the small nervous fibres at the bottom of the eye 
are agitated. 

You easily comprehend that the aenaation must 
be different, according as this tremulous agitation is 
more or less frequent ; or according as the number 
of vibrations performed in a second is greater or 
leas. Hence there must result a diflerence similar 
to that which takes place in sounds, when the vibra- 
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tiooB are more or less frequent. This difference is 
clearly perceptible by the ear, as the character of 
Bounds in respect of flat nnd sharp depends on it. 
You will recollect that the note marked C in the 



Dotie A 166, note B 187, and SOO. Thus the nature 
of sounds depends on the number of *ibiations per- 
formed in a second. 

■ It cannot be doubted that the sense of Beciugmay 
be likewise differently affected, according as the 
number of vibrations of the nervous iibres of the 
bottom of the eye is greater or less. When these 
fibres vibrate 1000 times in a second, the sensation 
must be quite different from what it would be did 
tbey vibrate 1200 or 1500 times in the sapie space. 

True it is that the organ of vision is not in a con- 
dition to reckcm numbers, so great, stiU less than the 
ear is to reckon the vibrations which constitute 
sound ; but it is always in our power to distinguish 
between the greater and the less. 

In this difference, therefore, we' must look for the 
cause of difference of colour; and it is certain that 
each of them corresponds to a certain number of 
vibrations, by which the fibres of our eyes are struck 
in a second, though we are not as yet in a condition 
to determine the number corresponding to each par- 
ticular colour, as we can do with respect to sounds. 

Much research must have been employed before 
it was possible to ascertain the numbers correspond- 
ing to all the notes of the harpsichord, though ther« 
was an antecedent conviction that their difference 
was founded on the diversity of those numbers. Our 
knowledge respecting these objects is nevertheless 
considerably advanced, from our being assured that 
there prevails a harmony so delightful between the 
different notes of the harpsichord and the different 
colours 1 and that the circumstances of the one serro 
to elucidate those of the other. This analogy bo. 
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cordingly rurnUhes the mast convincing proofe in 
sapport of my system. But 1 have reasons still 
more solid to adduce, which will secure it from every 
attack. 
SthJune,l16l. 



LETTER XX. 

Conlintialion. 

NoTHiNO is more adapted to the commoDication 
Df knonledgpe respecting the nature of vision thaa 
the analogy discoverable, almost in every particular, 
between it and the hearing. Colours are to the eye 
what sounds are to the ear. They differ from each 
other as flat and sharp notes differ. Now we know 
that flat and sharp in sounds depends on the number 
or vibrations whereby the organ of hearing is struck 
in a given time, and that the nature of each is deter- 
mined by a certain number, which marks the vibra- 
tions performed in a second. From this I conclude 
that each colour is likewise restricted to a number 
of vibrations which act on vision ; with this dififer- 
ence, that the vibrations which produce sound rosido 
in gross air, whereas those of light and colours are 
transmitted through a medium incomparably more 
subtile and elastic. The same thing holds aa to the 
objects of both senses. Those of hearing are aO 
of them bodies adapted to the transmission of souDd, 
that is, susceptible of a m6tion of vibration, or of a 
tremulous agitation, which, communicating itself to 
the 3ir,ezcites in the organ the aenaationof asound 
corresponding to the Tapidlly of the vibrations. 

Such are all musical instruments; and U> confine 
myself principally to the harpsichord, we ascribe to 
each string a certain sound which it produces when 
struck. T}ms, one siring is named C, another D, 
and so on. A string is named C when its Btrucliuw 
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Uid tension are such thai, being struck, it produce* 
about 100 vibrations in a second ; and if it produced 
less or more in the same time, it would have the 
name of a different note, higher or lower. 

You will please to recollect that the somid of a 
string depends on three thing^its length, its thick- 
ness, and the degree of tension ; the mure- it is 
Btretched the sharper its, sound becomes ; and as 
long as it preserves the same disposition, it emits 
the same sound ; but that changes as soon ai the 
other undergoes any variation. 

Let us apply this to bodies which are the objects 
of vision. The minuter particles which compose 
the tissue of their surface may be considered as 
strings distended, in as much as they are endowed 
with a certain degree of elasticity and bulk, so that, 
being struck, they acquire a motion of vibration, of 
which they will finish a certain number in a second; 
and on this number depends the colour which we 
ascribe to such body. It is red when the particles 
of its surface have such a degree of tension that, 
being agitated, they perform precisely so many vi- 
brations in a second as are necessary to eicite in us 
the sensation of that colour. A degree of tension 
which would produce vibrations more or less rapid 
would excite that of a different colour, and then the 
bodv would be yellow, green, or blue, &c. 

We have not as yet acquired the ability of assign- 
ing to each colour the number of vibrations which 
constitute its essence ; we do not so much as know' 
which are the colours that require a greater or less 
rapidity of vibration, or rather, it is not yet deter- 
mmedwhat colours correspond with high or low 
notes. It is sufficient to know that each colour is 
attached \o a certain number of vibrations, though it 
has not hitlie no been ascertained ; and that you have 
only to change the tension of elaslicily of the par- 
Ucles which form the surface of a body, to njalje it 
chug* colour. 
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W« see that the most beantind cdloura in Smnn 
quickly change and disappear, from a failure or th* 
nutritive jnices ; and because their particleH lose 
their Ti^ur or tlieir teosion. This, too, is obterva- 
bie in every other change of colour. 

To place this ia a clearer light, let us suppose that 
the sensation of red requires EUch a rapidity of Tibr&' 
tiou, that 1000 are performed in a second ; that 
orange requires 1126, yellow 1360, green 1333, bluo 
1500, and violet 1666. Though these numbers ar« 
only supposed, this does not alTect the object I hars 
in view. What I say as to these numbers will apply 
in like manner to the really corresponding numbers, 
if ever they are discovered. 

A body, then, will be red when the particlee of ita 
surface, put in vibration, complete 1000 in a second ; 
another body will be orange when disposed so as to 
complete 1135 in a second, and so on. Hence it ia 
obvious that there must be an endless variety of in- 
termediate colours between the six principal which 
I have mentioned ; and it is likewise evident, if th« 
particles of a body, being agitated, should perform 
1400 vibrations in a second, it would be of an inter- 
mediate colour between iirs^n md blue ; green cor- 
reaponding to number 1333, and blue to 1500. 

WA/iHK, 17«t< 



LETTER XXL 
Bow Opaqut Boditi are rendered mtiUe. 

Yoo will find no difficulty in the deflnition I 
have been giving of coloured bodies. The perticlea 
of their surface are always endowed with a certain 
degree of elasticity, which renders ihem suscep- 
tible of a motion of vibration, as a string is always 
Busceptible of a certain sound ; and it is the numtwr 
vf vibmions which tbeae partMea an ewdde tff 

Vol, II.— « 
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makii^ in a Bocond which detcnnineB the apeeifls 
of colour. 

If the particles of the surface have not elasticity 
sufficient Ui admit of such agitation, the body oiuat 
be black, thia colour being nothing else but a depri- 
Tiitiou of light, and all bodies from which no rsya 
are uaUEcnitted to our eyes appearing black. 

1 now come to a very important question, re- 
specting which some doubts may be entertained. It 
may be asked. What is the cause of the motion of 
vibration which constitutes the colours of bodies! 

Into the discovery of this, indeed, the whole is 
resolved ; for as soon as the particles of bodies shall 
be put in motion, the ether aifTused through the air 
will impiediateiy receive a similar agitation, which, 
continued to our eyes, conHtiiutes there that which 
we call rays, from which vision proceeds. 

I remark, first, that the particles of bodies are not 
put in motion by an internal, but au external power, 
Just as a string distended would remain for ever at 
rest, were it not put in motion by some external 
force. Such is the case of all bodies in the dark; 
for, as we see them not, it is a certain proof that 
they emit no rays, and that their panicles are at rest. 
In other words, during the night bodies are in tho 
same state with the strings of an instrument that is 
not touched, and which emit no sound ; whereas 
bodies rendered visible may be compared to strings 
which emit sound. 

And as bodies become visible as anon aa they are 
illuminated, that is, aa soon as the rays of the sun, 
or of some other luminous body, fall upon them, it 
must follow, that the same cause which illuminates 
them must exciU' their particles to generate raya, 
and to produce in our eyes the sensation of vision. 
The rays of light, then, falling upon a body, put its 
particles into a state of vibration. 

This appears at Ural surprising, because on ex- 
posing our hands to the strongest light no sensibto 
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impresMOn is made on them. It is to be considered, 
that the sense of touch is ju us too gtoaa to perceive 
these subtile aod slight impressions; but that the 
sense of sight, incomparably more delicate, is 
powerfully affected by them. This furnishes an in- 
contestable proof that the rays of light which fall 
apon a body possess sufficient force to set upon the 
minuter particles, and to communicate to them a 
tremulous agitation. And in this precisely consists 
the action necessary to explain how boies, when 
Ulurainated, are put in a condition themaetves to 
produce rays, by means of which they become 
visible to us. It is sufficient that bodies should be 
luminous or exposed to the light, in order to the 
agitation of their partides, and thereby to their 
jffoducing themselves rays which render them visible 
to us. 

The perfect analog between bearing and sig^ht 
gives to this explanation the highest degree of prob> 
kbility. Let a harpsichord be exposed to a great 
noise, and you will see that not only the strings in 
general are put into a state of vibration, but yon 
wik hear the sound of each, almost as if it were 
actoBlljr tonched. The mechanism of this phenome- 
non is easily comprehended, as soon as it is known 
that a string agitated is capable of communicating 
to the air the same motion of vibration which, trans- 
mitted to the ear, excites in it the sensation of the 
sound which that same string emits. 

Now, aa a string produces in the air such a mo- 
tion, it follows that the air reciprocally acts on the 
string, and gives it a tremulous motion. And as a 
Boise is ca;fflble of putting in motion the strings of 
s harpsichord, and of extracting sounds from them, 
the same thing must talw place in the objects of 
vision. 

Coloured bodies are similar to the strings of a 
harpsichord, and the different colours to the differ- 
rat notes, in respect of high and low. The li^ 
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which Ms on these bodies, being analogotu to tlw 
noise to which the harpHichord is exposed, actB on 
U)e psrticleH of their surface as that noise acts on 
the string of the harpsichord ; and these particles 
thus put in vibration will produce the rays which 
shall render the body visible. 
This ehicidation seems to me sufflciNit to dissi- 

rile every doubt relatiDg to my theory of colourm. 
Batter myself, at least, that I hav« established th» 
true principle of all colours, as well as esptained 
how they become viaiblt! to us only by the ligfat 
Thereby bodies are illuminated, unless such doubts 
tnm upon some 'other point which I have not 
touched upon. 

atk Jm*, vni. 



LETTER XXH. 
Th* Wonderi of the Human Voice. 

In explaining the theory of sonnds, I considered 
only two respects in which sounds could differ: th* 
one re^ardea the force of sound, and I remained 
^at it IS greater in proportion as the vibrations ex* 
cited in the air are more violent. Thus, the noisa 
of a discharge of cannon, or the ringing of a bell, 
has more force than that of & string, or of the ho. 
man voice. 

The other difference of sounds is totally inde- 
pendent of this, and refers lo flat and sharp, accotd- 
mg to which we say some are low and others high. 
My remark relatively to this difference made it to 
depend on the number of vibrations completed in s 
certain given time, say a second ; so that the greater 
such number is, the higher or sharper is the sound; 
and the smaller it is, the sound is lower or flatter. 

You can easily comprehend how the same not* 
nlBjr Iw either stMOg or faint; accordingly, we ssa 
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tfcat the forte and piano employed by miuiciatu 
chuige In no respect the nature of Bounds. Amonv 
the good qualities of a harpsichord, it is required 
that all the notes should h^ve nearly the same de< 
gree or strength ; and it is always considered aa a, 
great fault when some of the strings are wound up 
h> a greater degree of force than the rest. Now 
the flat and the sharp are referable only to the simple 
aotmds, whose vibrationa follow regularly, and at 
equal intervals; and in music we employ only those 
sounds which are denominated simple. Accords 
are compound sounds, or the concourse of several 
produced at once, among the vibrations of which a 
certain order must predominate, which is the found- 
ation of harmony. But when no relation among 
the vibrationa is perceptible, it is a confused noise, 
with which it is impossible to say what note of the 
harpsichord is in time, such as the report of a can* 
non or musket. 

There is still another remarkable difference among 
the simple sounds, which seems to havp escaped 
the altentioQ of philosophers. Two sounds may be 
of equal force, and in accord with the same note of 
the narpsichOTd, and yet very different to the ear. 
The sound of a flute is totally different from that of 
the French horn, though both may be in tune with 
the same note of the harpsichord, and equally strong; 
each sound derives a certain peculiarity from the 
instrument which emits it, biA it is impossible to 
describe wherein this conaisl*; the same string too 
emits different sotmds, according as it is siruck, 
touched, or pinched. Youcan easdy distinguish the 
sound of the bom, the fiute, and otW musical -in- 
struments. 

The roost wonderful diversity, to say nothing of 
the variety of articulation in speech, is observable 
in the human voice, thaf astonishing masterpiece of 
the Creator. Reflect but for a moment on the dif- 
/ereiit vow^ whirJi the mouth simply pronouacea 
GS 



1 
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or BingB. When the voWel a is pronoanced or wag, 
Hte sound is quite different fiom that of t, i, o, u, or 
m pronounced or sung, though on the same tona. 
We mu»t not then look for the reason of Ihia differ- 
ence in the rapidity OT order of the vibrations: no 
investigation of philosophers has hitherto unfolded 
this mystery. 

You must be perfectly sensible, that in order to 
Otter these different Towels, adifferent conformatioa 
must be given to the cavity of the month ; and that 
in man the organization of this part is much better 
adapted to produce these effects than that of ani- 
mals. We find, accordingly, that certain birds 
which leam to imitate the human voice are never 
capable of distinctly pronouncing the different 
Towels ; the imitation is at best extremely imperfeot. 

In many organs there is a stop which bears the 
name of the human voice ; it usually, however, 
contains only the notes which express the vocal 
Bounds si or ae. I have no douht, that with some 
change it might be possible to produce likewise the 
other vocal sounds a, e, i, o, u, ou; but even this 
would not be sufficient to imitate a single word of 
the human voice ; for how can we combine them 
with the consonants, which are so many modiAca- 
tione of the vowels* We are so conformed, that 
however common the practice, it is almost impoa. 
Bible to trace and explain the real mechanism. 

We distinctly observe three organs employed in 
expressing the consomnts, the lipa, the tongue, and 
the palate ; but the nose likewise essentially conctnra. 
On slopping it, we become inca[mble Of pronounciag 
the letters m and n; the sound of b and d ot^ ja 
then to be heard. A striking proof of the marve- 
lous structure of our mouth for the prontmctation of 
the letters undoubtedly is that all the skill of man 
has not hitherto been capaUe of producii^ z [uecft 
of mechanism that could imh«te it. The sot^ haa 
twen exactly imitated, but witlisQt any artieoIaUon 
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«f aounds, and without distinction of the diffBnnt 
Towels. 

The coostTUction of a machine cainUeof expresa- 
iog sounds, with all the articulations, would no 
^uht be a very Important disco*ery. Were it pos- 
Mole to execute such a piece of mechaoism, and 
bring it to such perfection that it could prononnce 
all worda, by means of certain stops, like those of 
an orean or harpsichord, every one would be sur- 
prised, and justly, to hear a machine pronounce 
. whole discourses or sermons together, with the 
most graceful accompaniments. Preachers and 
other orators, whose voice is either too weak or 
disagreeable, might play their sermons or orations 
on such a machine, as organists do pieces ofmutic. 
The thing does not seem to me impossible.* 

10th Jwu, 17S1. 



LETTER XXIU. 

A Summary of tht prmeiptU Phmomma of Eleetneily. 

The subject which I am now going to Tecoromend 
to your attention almost terrifles me. The variety 
it presents is immense, and the enumeration of facta 
serves rather to confound than to inform. The sub- 

* PljiH kn> KnuilT ban eoiMniclid of nHk (Mm*, kr Knui*- 
■Md ind K«iiB(l«, u u Imliiia nrr Hraraulir tha dimitnt nwd 
bT Ike hnnui TDtn. Tmm Uila Ann MUffl^ KampalM 

■ naklnina , 
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lect I mean is electricity, which for some time part 
£as become an object of such importance in phy- 
sics that every one is supposed to be acquainted 
widi its effects. 

You must undoubtedly ha»e frequently heard it 
mentioned in conversation ; but 1 know not whether 

5)u have ever witnessed any of the experiments. 
atural philosophers of modem times prosecute the 
study of it witii ardour, and are almost every day 
discoverinff- new phenomena, the description of 
which would employ many hundreds of letters ; nay, 
perhaps I should never have done. 

Ana here it is I am embarrassed. I could not 
bear to think of letting you remain unacquainted 
with a branch of natural philosophy so essential ;* 



after all would not furnish the necessary informa- 
tion. I flatter myself, however, that I have dis- 
covered a road which will lead so directly to the 
<)bject, thai you shall attain a knowledge of it much 
more perfect than that of most natural philosophers, 
who devote night and day td the investigation of 
these mysteries of nature. 

Without slopping to explain the various appear- 
ances and effects of eleclrioity, which would engage 
me in a long and tedious detail, without extending 
your knowledge of the rauses which produce these 
effects, I shall pursue quite a different course, and 
begin with unfolding the true principle of nature on 
which all these phenomena are founded, however 
various they may appear, and from which they are 
all easily deducible. 

It is sufficient to remark, in general, that elee- 
tricity is excited by the friction ^ a gla*t tvht. It 
thereby becomes electrical : and then it alternately 
attracts and repels light bodies which are applied to 
:. __j -„ the application of other bodies, tparkt of 
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1 touching Kich « tobe with Qis 
finger, you feel, beaidea the spuk, b. pUDcture which 
tmjia certain circumstances be rendered m> acat« 
w to imiduce a commotion tturough the whole bodj. 

Initaad of ■ tube of glaaa, we likewiae employ b 
SM)» o( gjaas, which is made to torn round an axis 
Lke a turning- wheel. During this motion it ia rubbed 
with Uie hand, oi with a cnsnion applied to it ; then 
the globe becomes electric, and produces the aame 
phenomena as the tube. 

Besides glass, resinous bodies, such as Spanish 
wax, and sulphur, likewise paeseBS the property of 
becoming electric by friction; but certain species 
of bodies only have this quality, of which glass, 
sealing-wax, and sulphur are the principaL 

Other bodies nndergo friction without producing 
any such effect ; no sign of electricity appesrs : but 
ta ^>plying them to the Srst, when rendered eleo- 
tric, they immediately acquire the same property. 
They become electric, then, by conununicatiou, as 
they touch ; and frequently the approximation only 
of electric bodies renders them such. 

All bodiea, therefore, are dlrisiUe into two classes ; 
in the one are included those that become electric br 
friction, in the other those which are rendered sucn 
by communication, whereas friction i»oducea no 
manner of effect on them. It is very remarkaljle 
that bodies of the first class receive no electricity 
from commnnicatian ; when you apply to a tube or 



communiooleB no electricity to them. The distinc- 
tion of these two classes of bodies is worthy of 
stteotion ; the one class being disposed to becoma 
electrical by friction only, ami not by commnnica- 
tion— the other, on the contrary, only by com- 
munication.* 



<\ 
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All metals belong to Uub last cIub, and the com- 
muDtcation extends so far, that on presenting one 
extremity of a wire to an electric body, the other 
extremity becomes bo likewise, be the wire ever ao 
long ; and on applyiDg still another wire to the far- 
ther extremity of the first, the electricity is conveyed 
through the whole extent of that second thread — 
and thus electricity may be transmitted to the most 
remote distances. 

Water is a substance which receives electricity by 
communication. Large pools have been electrified 
to such a degree that the application of the finger 
has elicited sparks and excited pain. 

The prevailing persuasion now is, that lightning 
afid thunder are the effect of the electricity which 
the clouds acquire, from whatever cause. A thunder- 
storm exhibits the same phenomena of electricity, 
on the great scale, which the experiments of natuiW 
philosophers do in miniature. 

aath June, 1761. 



LETTER XXIV. 

7%e true Principle of Nature on uAicA arefimnied all 
the Phtnometm of Mectricily. 

Thx Btunmary I have exhibited of the principal 
phenomena of electricity has no doubt excited a 
cariosity to know what occult powers oQnatare are 
capable of producing effects so surprising. 

The greatest part of natural philosophere acknow- 
ledge their ignorance in this respect. They appear 
to be so dazzled by the endless variety of phenomena 
which every day present themselves, and by the sin- 
gnlarly marvellous circumstances which accompany 
these phenomena, that they are discouraged from 
attempting an investigation of the true cause of 
tbera. Tney readily adniit the existence of a subtile 
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matter, which is the primary agent in the prodnctioa 
of the pheaomena, and which they denominate the 
electric fluid; but they are bo embarrassed about 
determinihg its nature and properties, thai this im- 
portant branch of physics is rendered only more 
perplexed by their researches. 

There is no room to doubt that we must look for 
the source of all the phenomena of electricity only 
in a certain fiuid and subtile matter; but we have no 
need to go to the regions of imagination in quest of 
it. That subtile matter denominated elher, whoso 
reality I have already endeavoured to demonstiate,* 
is sufficient very naturally to explain all the sur- 
prising effects which electricity presents. I hope I 
shall be able to set this in so clear a light, that you 
shall be able to account for every electrical phe- 
nomenon, however strange an appearance it may 
assume. 

The great requisite is to have a thorough know- 
ledge of the nature of ether. The air which w« 
breathe rises only to a certain height above the sur- 
face of the earth ; the higher you ascend the mors 
subtile it becomes, and at last it entirely ceases. 
We must not affirm that beyond the region of the 
air there is a perfect vacuum which occupies ihe im- 
mense space in which the heavenly bodies revolve. 
The rays of light, which aredilfused in all directions 
from these heavenly bodies, sufficiently demonstrate 
that those vastspacesaretilledwithaaubtile matter. 

If the rays ot light are emanations forcibly pro- 
jected from luminous bodies, as some philosophers 
ixr« mamtained, it must follow that the whole 
•pace of the heavens is fiUed with these raya — nay, 
that they move through it with incredible rapidity. 
You have only to recollect the prodigious velocity 
with which the rays of the sun are transmitted to ns. 
On this hypothesis, not only would there be no 
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ncnnua, but all apace would be filled with a rabtfltf 
matter, and that in a atate of constant and most 
dreadful sgitation. 

But I think I have clearly proved that rays of 
Ug^t are no more emanatiooB projected from lumi- 
nona bodies than aound ta from aonoroua bodies. 
It ia much mora certain that raya of li^ht are no- 
thing else but a tremulous motion or agitation of a 
aubtile matter, juat as sound consists of a similar 
agitation excited in the air. And as sound is pro- 
duced and transmitted by the air, light is produced 
and transmitted by that matter, incomparably more 
subtile, denominated ether, which consequently fills 
the immense space between the heavenly bodies. 

Ether, then, is a medium proper for the transmis- 
sion of rays of light: and this same quality puts us 
in a condition to extend our knowledge of its naturs 
and properties. We have only to reflect on the 
properties of air, which render it adapted to the re- 
ception and transmission of sound. "Hie principal 
cause is its elasticity or spring. Yon know that air 
hasapower of expanding itself in all directions, and 
that it does expand ibe instant that obstacles are 
removed. The air is never at rest but when its 
elasticity is everywhere the same ; whenever it ia 
greater in one place than another the air imm»< 
oiateljr expands. We likewise discover by ezperi> 
ment that the more the air is compressed, the more 
its elasticity increases : hence the force of air~guns, 
in which the air, being veiy strongly compressed, is 
cspaUe of discharging the ball with astonishing ve- 
locity. The contrary takes place when the sir la 
tarened : its elasticity becomes less in proportioii 
as it is more rarefied, or difiiised over a larger spae«. 

On the elasticity of the air, then, relative to its 
detuity, depends the velocity of sound, which make* 
a progress of 1143 feet in s second, if the elasticity 
of^the air were increased, its density remaining the 
■ame, the velocity of sound wonkl increase ; and the 
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mme thing would take place if the air were more 
tare ot less dense than it is, its elasticity being- the 
same. In i^eneral, the more that any medium, simi- 
lar to air, is elastic, and at the same time leas dense, 
the more rapidly will the ablations excited in it be 
transmitted. And as tight is transmitted so many 
thousand times more rapidly than sound, it must 
clearly follow that the ether, that medium whose 
agitations constitute light, is many thousand times 
more elastic than air, and, at the same lime, many 
thousand times more rare or more subtile, both of 
these qualitiea contributing to accelerate the propa- 
gation of light. 

Such are the reasons which lead us to conclude 
that ether ia many thousand times more elastic and 
more subtile than air; Its nature being in other re- 
spects similar to that of air, in as much as it is like- 
wise a Auid matter, and susceptible of compression 
and of rarefaction. It is this quality which wiQ 
conduct us to the explanation of all the phenomena 
of electricity. 

asd June, nei. 



LETTER XXV. 

Cmtmnatim. THffertttt Nahm of BodU* relaliMlif 
to EltetTKity. 

Etbkb being a subtile matter and airoilar to air, 
tat many thousand times more rare and more 
elastic, it cannot be at rest, unless its elasticity, or 
the force with which it tends to expand, be the aame 

As soon as the ether in one place ahall be mon 
elaatic than in another, which Is the esse when it Is 
more compressed there, it will expand itself into the 
parts adjacent, compressing what it Ands then; till 
ibe whole ia reduced to the aama degree of elasticity. 

Vol. II.-H 
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It ia then in equilibria, the equilibrium beinff nothing 

else but the state of rest, when the powers which have 
a tendency to disturti it counterbalance each other. 

When, thererore, the ether is not in equiUbrio the 
same thing must ti^e place as in air, when its equi- 
librium is disturbed ; it must expand itself from the 
place where its elasticity is greater towards that 
where it is less ; but, considering its greater elasticity 
and Bubtilty, this motion must l>e much more rapid 
than that of air. The want of equilibrium in the 
air produces wind, or the motion of that fluid from 
one place to another. There must therefore be pro- 
duced a species of wind, but incomparably more 
subtile than that of air, when the equilibrium of the 
ether is disturbed, by which this last fluid will pass 
from places where it was more compressed and 
more elastic to those where it was less so. 

This being laid down, I with confidence affirm that 
all the phenomena of electricity are a natural con- 
sequence of want of equilibrium in the ether, so that 
wherever the equilibrium of the ether is distuibed 
the phenomena of electricity must take place ; con- 
sequently, electricity is nothing else but a derange- 
ment of the equilibrium of the ether. 

In order to unfold all the effects of electricity, we 
must attend to the manner in which ether is blended 
and enveloped with all the bodies which surround us. 
Ether, in tnese lower regions, is to be found only in 
the small interstices winch the particles of the air 
and of other bodies leave unoccupied. Nothing can 
bo more natural than that the ether, from its extreme 



:n into those of the air itself You will 
recollect that all bodies, however solid Ihey may 
S|^ar, are full of pores ; and many experiments in- 
GOntestably demonstrate that these mtersticea occupy 
iBuch more space than the solid parts ; finally, the 
leu ponderous a body is, the more it must be fiUvd 
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with tbcM pores, which contain ether only. It is 
^ear, thererore, that thoagh the ether b« thas dif- 
fiwed throng the snialleBt porea of bodies, it must 
however be found in very great atmndance in the 
Ticinity of the earOi. 

You will euily comprehend that the difference of 
these pores must be very gnsX, both as to magnitude 
and figure, according to the different naiare of the 
bodies, as their diversity probably depends cm the 
diversity of their pores. There must be, therefore, 
nndoubtedly, pores more close, and which have less 
communication with others ; so that the ether which 
they contain is likewise more confined, and cannot 
disengage itself but with great difficulty, though its 
«Uatici^ may be much greater than that of the 
ether which is lodged in tiie adjoining pores. There 
must be, on the contrary, pores abundantly open, 
and of easy communication with the adjacent pores; 
in this case It is evident that the ether lodged in 
them can with less diificulty disengage itse^ than 
in the preceding ; and if it is more or Ten elastic in 
these than in the others, it will soon recover its 
eqoihbrium. 

In order to distinguish these two dames of pores, 
I shall denominate the first cloie, and the others 
open. Host bodies must contain pores of an inter- 
mediate species, which it will tie sufficient to dis- 
tinguish by the lerms nt«r« or teir cltae, and mort or 
Utiofen. 

This being laid down, I remark, first, that if all 
bodies had pores perfectly close, it wotild be impos- 
sible to change the elaaticity of the air contained in 
tiiem ; and even though the ether in some of these 
pores should have acquired, from whatever canse, a 
higher degree of elasticit]' than the others, it would 
always remain in that state, and never recover its 
equilibrium, from a total want of communication. 
In this case no change could take place in bodies ; 
all woald remain in the aame state as if the ether 
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were in eqcUibrio, and no phenomenon of eloctridty 
Gould be produced. 

Thia would likewise be the case if the pores of 
all bodies were peifectly open ; for then, though the 
ether might be more or less elastic in some potea 
than in others, the equilibrium would be instantly 
restored, from the entire freedom of communioiLtion 
— and that so rapidly that we should not be in a 
condition to remark liie sU^hteat change. For the 
same reason it would be iraposaible to disturb the 
equilibrium of the ether contained in such porea ; aa 
oRen as the equilibrium might be disturbed, it woi^ 
be as instantaneously restored, and no aign of elec* 
tricity woul^ be discoverable. 

The pores of all bodies being neither perfectly 
close nor perfectly o{>en, it will alwt^ be poi«bu 
to tiisturb the equilibrium of the ether which they 
contain : and when this happens, froni wbateref 
cause, the etjutlibrium cannot fail to re-establish 
itself I but this re-e*tablishraent will require som* 
time, and this produce* certain phenomena; anj 
~ lu will presently see, much to your aatisfactiou, 

lat they are precisely the same which electrical 
ezperimenta have discovered. It will then appear 
that the principles on which I am going to establisti 
the theory of electricity are extremely siroide, atA 
at the same time absoluiely incontrovertiUe. 

mA June, mi. 

LETTER xrfVl. 

On Utt tamt Subjret. 

I B0» I have now surmounted the moat fomi- 
^able difficulties which present theraaelves in ths 
theory of electricity. You have only to preserre 
the idea of ether which I have been explaining ; and 
wbidi ist that extremdy aubtile ud elwtio nuMw. 
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dtOlised, not onlr through all the void spaces of the 
nnivene, but through the mimiteat porea of Hi 
bodies in which it is Bometimea more and sometimes 
Ims engaged, according bb they are more ot less 
cloae. liiiB consideration conducts us to two prin- 



SfaooM it happen, therefoie, that the ether con- 
tained in the pores of bodies has not throughont the 
same degree of elasticity, and that it ia more or less 
compressed in some than in others, it will make an 
effort to recover its equilibrium ; and it is preciaely 
from this that the phenomena of electricity take 
their rise, which, of consequence, will be varied in 
proportion as the pores in which the elfaer is lodged 
are vHrious, and grant it a communication more or 
less free with the others. 

This difference in the pores of bodies perfectly 
corresponds to that which the first phenomena of 
electricitjr have made us to remark in tnem, by which 
•ome easily become electrical by communication, or 
the proximi^ of an electrical body, whereas olhen 
Bcarcely niMerga any change. Hence you will im- 
mediately infer that bodies which receive electricity 
BO easily by communication alone are those whose 
pores are open ; and that the othera, which afe 
almost insensible to electricity, must have theirs 
close, either entirely or to a very great degree. 

It is, then, by the phenomena of electricity them- 
selves that we are enabled to conclude what are 
the bodies whose porea are close or open. Hespect- 
inr which permit me to suggest the following elu- 
cidatJODS. 

First, the air which we breathe has its pores 
almost entirely close ; so that the ether which it 
contains cannot disengage itself but with difficulty, 
and must find e<]UBl difficulty in attempting to pene- 
trate into it. Thus, thou^ the ether diflnsed 
through the air ia not in eqiuUbrio with that which 
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to conSunad in other bodies whsre It is more or lew- 
oompredsed, the re-establiahnieiit of ite equilibrtnra 
ia not to be produced without extreme diflteoHy; 
lliia ia to be understood of drf air, bumidity being 
of a diSerent nature, aa I aliaU preaently remark. 

Rirtlier, we ranat rank in thia claas of bodiea with 
close pores, glatt, piuk, retmaia bodiet, ttaiutg-mut, 
juJ^Aur, and particularly mU. These anbstancee have 
their porea ao very cioae that it ia with extreme 
difficulty ttie ethar can either eacape from or peaa- 
trate into them. 

The oUier claas, thai of bodiea whoae pores are 
open, containa, first, water and other lii^uore, whoso 
nature is totally difilBrent from that of air. For thia 
reason, when air becomes humid it totally changea 
its nature with reaped to electricity, and the ether 
can enter or escape without almost any difficulty. 
To this class of bodies with open pores likewise 
must be referred those of animals, and all metals. 

Other bodies, such as wood, several aorta of stones 
and euths, occupy an intermediate state between the 
two principal species which I have just mentioned ; 
and the ether is capable of entering or escaping 
with more or less facility, according to the nalure 
of each species. 

^fter these elucidations on the different natore 
of bodies with respect to the ether which they coo- 
tain, Tou will see with much satisfaction how all 
the pnenomeoa of electricity, which have been con- 
sidered aa BO many prodigies, flow vary naturallj 
from them. 

All depends, then, on the state of the ether dif- 



of elasticity, or as it ia more or leas comiffsased in 
Bome than m others : for the ether not being then is 
equihbno will make an effort to recover it. It will 
eodeavtnir to disengage itaelf as far as the openaeaa 
of the porea will petsut from places wher« it ia toot 
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omell fiOBpnaadd, to expand itaelf uid enter into 
pores where theie is less compreaaioii, itU it ia 
throi^hout reduced to the same degree of com- 
preBsion and elaaticit)', tind ia, of consequence, in 
eqnilibrio. 

Let it be remarked, that when the ether passes 
from a body where it was too much compressed into 
anotber where it is less so, it meets with great ob> 
Atacles in the air which separates the two todies on 
account of the pores of tnis fluid, which are almost 
entirely close. It however passes through the air 
;as a liquid and extremely subtile matter, prorided 
its force is not inferior, or the interval between the 
i>odleB too great. Now, this passage of the ether 
twtng very much impeded, and almost entirely pre- 
-rented by the pores of the air, the same thing will 
Itappea to it as to air forced with velocity Uirough 
.amall apertures — a hissing sound is heard — which 
|HOvea that this fluid is then put into an agitation 
which produces such a sound. 

It is, therefore, extremely nattiral that th« ether, 
forced to penetrate throtigh the pores of the air, 
^ould likewise receive a species of agitation. You 
will please to recollect, that as agitation of the air 
produces sound, a similar agitation of ether produces 
light. As often, then, as ether escapes from dot 
"body to enter into another, its passage through the 
air must be accompanied with light ; which appears 
Boroetimes under the form of a spark, sometimes 
under that of a flash of lightning, according as its 
qnantity is more or leas considerable. 

Here, then, is the most remarkable circumstance 
which accompanies most electrical phenomena, ex- 
plained to a demonstration, on the principles I have 
laiddowa* 1 shall now enter into a more particular 
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detail^which will furnish me with arery agneaUe 
subject for eome following Lettera. 
3(MA June, ITSl. 



LETTER XXVn. 



You will easilj comprehend, from what I hare 
above advanced, that a body must become electrical 
whenever the ether contained in its pores becomes 
more or lesa elastic than that whicn is lodged in 
adjacent bodies. This takes place when a greater 
quantity of ether is introduced into the pores of such 
body, or when part of the ether which it contained ia 
forced out. In the former case, .the ether becomes 
more compressed, and consequently more elastic ; in 
the other, it becomes rarer, and loses ita elasticity. 
In both cases it is no lon^r in equilibrio with that 
which is estemal; and the efforts which it makes ta 
recover its equilibrium produce all the phenomena 
of electricity. 

.You see, then, that a body may became electric 
in two different ways, according as the ether con- 
tained in its pores becomes more or less elastic than 
that which is external; hence result two species of 
electricity : the one, by which the ether is rendered 
more elastic, or more compressed, is denominated 
increased or poiitme electricity ; me other, in whidi 
the ether is less elastic, or more rareSed, is denom- 
inated diminiiked Or negative electricity. The phe- 
nomena of both are nearly the same; a sUgbtdiobr- 
oDce only is observable, which I shall mention. 

Bodies are not naturally electrical — as the e' 
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electrical ; and euch operations muet act on bodies 
with close poreg, that the equilibrium, once deranged, 
may not be instantly restored. We accordingly find 
that glaas, amber, sealing-wax, or sulphur are the 
bodies employed to excite electricity. 

The easieet operation and for some time past, 
the moat universally known, is to rub a stick of seal- 
ing-wax with a piece o{ woollen cloth, in order to 
communicate to that wax the power of attracting 
small slipe of paper and of other light bodies. Am- 
ber, by means of friction, produces the same phe- 
nomena ; and as the ancients gave to this body tfa« 
name of eleclrwn, the power excited b^ friction ob- 
tained, and preserves, tne name of etectncity — natural 
philosophers of the remotest ages having remarked 
that this Bubalanca acquired by friction the faculty 
of attracting light bodies. 

This effect undoubtedly arises from the derange- 
ment of the equilibrium <:>( the ether by means of 
Inction. I must begin, therefore, with explaining 
this well-known experiment. Amber and sealing- 
Vkx have their pores abundantly close, and those of 
vool are abundantly open; during the friction, the 
pores of both the one and the other compress them- 
selves, and the ether which is contained in them ia 
rsdiwed to a higher degree of elasticity. According * 
as the pores of the wool are susceptible of a com- 

KBsion ^eater or less than those oi amber or seal- 
-wax, Umust happen that a portion of ether shall 
pass from the wool into the amber, or, reciprocally, 
horn the amber into the wooU In the former case, 
the amber becomes posiiivtly electric, and in the 
Other ne^aiirely— and its pore* being close, it will 
remain in this state for some time; whereas the 
wool, though it has undergone a similar change, will 
presently recover its natural state. 

From the experimenta which electric aealing-wax 
AmiisheH, wc conclude that its electricity is ntgatio*, 
Jnd that a part of its ether has passed during th« 
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frictioa into the wool. Hence you perceive how a 
stick of sealing-wax ie, by friction on woollen cloth, 
deprived of part bf the ether which it contained, 
and must thereby become electric. Let us now see 
what effecis must result from this, and how far they 
correspond with observation and experience. 

Let A B, Fig. 39, be a slick of seating- 
wax, from which, by friction, part of the Fig. 30. 
ether contained in its pores has been T 
forced out ; that which remains, being ^ 
less compressed, will therefore have le 
force to expand itself, or, in other won . 
wil! have tesa elasticity than that con- 
tained in other bodies in the circmnam- 
Irient air : but as the pores of air are HtiU 
closer than those of sealinK-was, this 
prevents the ether contained in the air 
from passing into the sealing-wax, to 
restore the equilibrium : at least this 
will not take place till after a consider- 
iU>le interval of time. 

Let a small and very light body C, 
whose pores are open, be now presented 



' itge, because it has more force to expand 
itself than is opposed to it by the ether 
shut up in the stick at e, wiU suddenly escape, wiO 
force a passage for itself through the air, provided 
the distance is not too great, and will enter into the 
sealing-wax. This passage, however, will not be 
effected without very considerable difficulty, as the 
pores of the sealing-wax have only a very small 
aperture, and consequently it will not be accom- 
[»nied with a vehemence capable of patting the ether 
m a motion of a^tation, to excite a sensible light. 
A famt glimmering only will be perceptible in tlM 
dsrk, if the electricity is iufficiently strong. 
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But anothoT phenomenon wit) be observable which 

ia no less BUrprising — the small body C will apring 
towards the sealing-wax as if attracted by it. To 
explain the cause orihis, you have only to consider 
that the small body C, in ita natural state, is equally 
pressed on all sides by the air which surrounda it; 
out as in its present state the ether makes ita escajM 
and paaaea through the air in the direction C c, it Is 
evident that this last fluid will not press so violently 
on the small body on this side as on any other, 
and that the pressure communicated to il towards c 
will be more powerful than in any other direction, 
impelling it towards the sealing-wax as if attracted 
by it. 

Thus are explained, in a manner perfectly intel- 
ligible, the attractions observable in tne phenomena 
of electricity. In this experiment, the electricity is 
too feeble to produce more surprising effects. I 
shall have the honour of presenting you with a more 
ample detail in the following Letters. 



LETTER XXVin. 
On lit lamt Si^'eel. 

SmB were the faint be^iiinnings of the electrical 
pheaomena; it was not till lately that they were 
carried much farther. At Giat a tube of glass was 
em^oyed, similar to that of which barometers are 
made, but of a larger diameter, which was nibbed 
with the naked hand, or with a piece of woollen 
cloth, and electrical phenomena more striking were 
observed. 

You will readily comprehend, that on rubbing a 
tube of glaasi part of the ether muit pass, in virtue 
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of the compression ot the pores of the glass, and of 
the rubbing body, either from the hand into the glasa, 
or from the glass into the hand, according as tiM 
poresoftheoneorof the other are more susceptible 
of compresaion in tlie friction. The ether, after 
this operation, easily recovers its equilibrium in th* 
hand, because its pores are open ; but those of the 
rlass being abundantly close, this fluid vill preserre 
[3 state in it, whether the glass is surchar;^ or 
exhausted, and consequently will be electric, and 
will produce phenomena similar to those of sealing- 
wax, but un<foubtedly much stronger, as its electri- 
city is carried to a higher degree, as well from the 
greater dianieter of the tube as from the very nature 
of glass. 

Experiments give us reason to conclude that thA 
tube of glass becomes, by these means, surchamd 
with ether, whereas sealing-wax is exhausted orit ; 
the phenomena however arc nearly the same. 

It must be observed that the glass tube retains tt» 
electricity as long as it is surrounded only with »ir, 
because the pores of the glass and those of the air 
are too close to allow a communication sufficiently 
free to the ether, and to exhaust the glass of whiU 
it has more than in its natural slate ; superflnity of 
ether always increasing elasticity. But the airmust 
be very dry, for only when in that state are its pores 
sufficiently close ; when it is humid or loaded with 
vapours, experiments do not succeed, whatever de- 
gree of frictionyou bestow on the glass. The reason 
is obvious ; for water, which renders the air humid, 
having its pores very open, receives every instant 
the superfiuous ether which was in the glass, and 
which of course remains in its natural state. Ex- 
periments succeed, then, in only very dry air : let m 
now see what phenomena a glass tube will in thai 
case produce, after having tmdergone coDsidettfite 
IHction. 
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IliaclcarthBtonpresenlfngtoitaainBll Fig. 4/0. 
light bodyC, Fig. 40, witliopen pores, 
aach M pjH leaT, the etberinthe t"'-- 
more elastic at the iiearefit parts, 1 
will Dot make ineflectual cnurts to 
charge ilsetf and paM into the pores of 
the t»dy C. It will force apath through 
the air, provided the distance be not too 
ereat ; and you will e*en see a light 
between the tube and the body, occa- 
sioned by the agitation excited In the 
ether, which padaes with difficulty from 
Oie tube into the body. When, instead 
of the body C, the finger is applied to 
it, 3^0 feel a pricking, occasioned b^ 
tte rapid entrance of the ether; and if 
yon expose your face to it at some dis- 
tance, you feel a certain agitation in the '> 
air, excit«d by the transition of the ether. These 
circnm stances are likewise accompanied aometimes 
with a slight crackling, produced undoubtedly by the 
agitation of the air, which the ether tiaverse* with 
such rapidity. 

I must entreat you to keep in mind, that an agita- 
tion in the air always produces a sound, and that 
the motion of ether produces, light ; and then the 
explanation of these phenomena will become abuju- 
dantly easy. 

Let the small light body C be replaced in the 
TJcinity of our electric tube ; as long as the ether is 
escaping from the tube, to enter into the pores of the 
body C, the air will be in part expelled from it, and 
consequently will not press so strongly on the bodv 
on that side as in every other direction ; it wiU 
happen, then, as in the preceding case, that the body 
C will be impelled towards the tube, and being light, 
will come close up to it. We see, then, that this 
apparent attraction equally takes place, whether the 
ether in the tube be too mndi or loo little elaatiOf 
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01^ whether the elasticity of the tube be pomtire or 
negative. In both cases, the passage of the ethet 
stops the air, and by its pressure hinders it from 
acting. 

But while the small body C is ^>prOBching th« 
tube, the passaee of the ether becomes stronger, and 
the body C will soon be as much surcharged with 
ether as the tube itself. Then the action of tha 
' bther, which arises from ila elasticity only, entirely 
ceases, and the body C will sustain on all sides an 
equal pressure. The attraction will cease, and the 
body C will remove from the tube, as nothing detains 
it, and its own gravity puts it in motion. Now, aa 
soon as it removes, iis pores being open, its snper- 
fluous ether presently escapes in the air, and it 
returns to its natural state. The body will then act 
as at the beginning, and you will see it again approach 
tiie tube, so that it will appear alternately attracted 
8Dd repelled by it ; and this play will go on till the 
tube has lost its electricity. For as, on every 
attraction, it discharges some portion of its auper- 
JIuouB ether, besides the insensible escape of part of 
it in the air, the tube will soon be re-establianed in 
its natural slate, and in its equilibrium; and this so 
much the more speedily as the tube is small, and the 
body C light ; then all the phenomena of electrici^ 
will cease. 

7(A JiJy, 1761. 



LETTER XXIX. 

Or iht EUetrlc Abuet^ere. 

I BAD almost forgotten to bring forward a moat 
essential circumstance, which accompanies all elec- 
tric bodies, whether poritivtly or negatii/tty such, aod 
which BUj^es some very striking elucidatiotu fov 
— . _ ,_ ,_g Qi^ (fcenoineiia of electricity. 
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"niDngfa it be indubitably traa that the porea of 
air are very close, and scarcely permit any commn-- 
nication between the ether that they contain and 
what ia in the vicinity, it undergoea, howerer, some 
change when near to an electric bodv. 

Let us first consider an electric body negatiotly ao, 
aa a stick of leaiing- jx„ aa 

wu A. B, Fig. 98, »™™™i.SL^!L_ 
which has been de- ' 
prived by friction of -: 
part of the ether con- 
tained in its porea, so 
that what it now contuna liaa less elaetieitv than 
that of other bodies, and consequenHy than uat of 
the air which Burroonda the wax. It must neceasaiity 
happoa, that the ether contained in the particles of 
the air which immediately touch the wajc, as at m, 
having greater elasticity, ahould discharge itself, in 
however amall a degree, into the porea of the wax, 
and will consequently lose somewhat of ite elasticity. 
In like manner, the particles of air more remote, 
BUppose at R, will likewise sutTer a portion of their 
ether to escape into the nearer at m, and so on to a 
certain distance beyond which the air will no longer 
undergo any change. In this manner, the air round 
the stick of wax to a certain dietance will be 
deprived of part of its elher, and become itself 

This portion of the air, which thus partakes of th« 
electricity of the stick of was, is denominated the 
titctric atmotpktTi j and you will see from the proofs 
whieh I have jost adduced, that every electric body 
must be snrronnded with an atmosphere. For if 
the body is potiiively electric, so as to contain a 
superfluity of ether, U will b« more compressed ia 
such a body, and consequently more elastic, aa i* 
the case witn a tube of glass when rubbed ; this ether, 
more elastic, then disc^rses itself, in a small desTM, 
jnta the paiUcles of air woich immediately loiich i^ 
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■nd thence into particles more remote, to a certaia 
'distance ; this will form another electric atmosphere 
round the tube, in which the ether will be more 
compresaed, and consequently more elastic than 
elsewhere. 

It is evident that this atmosphere which Burrounds 
BDch bodies muai gradually diminish the electricity 
of them, as in the nrst case there passes almost con- 
tinually a small portion of ether aonx the surround- 
tag air into the electric body, and which, in the 
other case, issues from the electric body and paasea 
into the air. This is likewise the reason why 
electric bodies at length lose their electricity ; and 
this so much the sooner, as the pores of the air 
are more open. In a humid air, whose pores are 
Tery open, all electricity is almost instantly eztio- 
guished i but in very dry air it continues a consid- 
erable time. 

This electric atmosphere becomes abundantly 
sensible on applying your face to an electiifiM 
body ; you have a feeling similar to the application 
of a spider's web, occasioned by the gentle transition 
of the ether from the face into the electric body, or 
reciprocally, from this last into the face, according 
aa it is negative or positive, to use the common 
expression. 

The electric atmosphere serves likewise more 
clearly to explain that alternate attraction and 
repulsion of light bodies placed near to electric 
bodies which 1 mentioned in the preceding Letter; 
in which you must have remarked, that the explana- 
tion of repulsion there given is incomplete; but the 
electric atmosphere will supply the defect. 

Let A B, Fig. 83, rep- 
resent an electric tube 
of glass surcharged with 
ether, and Jet C be a small 
light body, with pores suf- 
ficiently open, in its nat- 
ural state. Let the atmo- 
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Kthere extend as far as the distance D E. Now, u 
•-tne vicinity of C contains already an ether more 
eliatic, this will discharge itself into the pores of 
the body C ; there will immediately issue from the 
tobe a new ether, which will paes from D into C, 
aiod it is the atmoHphere chiefly which facilitates 
this passa^. For if the ether contained in the air 
had DO commnnicHtion with that in the tube, the 
corpuscle C would not feel the vicinity of the lube ; 
but while the ether is passing from D to C, the 
pressure of the air between C and D will be diipln- 
lahed, and the corpuscle C will no longer be pressed 
aquaJly in all directions; it will therefore be im- 
pelled towards D, as if attracted by It. Now, in 
proportion as it approaches, it will be likewise more 
and more surchar^d with ether, and will become 
electric as the tube itself, and consequently the 
electricity of the tube will no longer act upon it. 

Btit as the corpuscle, being now arrived at D, con- 
tains too much ether, and more than the air at E, it 
-will have a tendency to escape, in order to make its 
way to E. The atmosphere in which the compres- 
sion of the ether continues to diminish from D to E 
will facilitate this passage, and the superfluous ether 
will in effect flow from the corpuscle towards E. By 
this passage, the pressure of the air on the corpuscle 
will be sraaUer on that side than eveiywhere elae, 
and consequently the corpuscle will be carried 
towards D, as if the tube repelled it. But aa soon 
as it arrives at E, it discbarges the superftuoua ether, 
and recovers its natural state ; it will then be again 
attracted towards the tube, and having reached it, 
will be again repelled, for the reason which 1 have 
Just been explaining. 

It is the dectric atmosphere then chiefly which 

produces these singular phenomena, when we see 

electrified bodies alternately attract and repel small 

)iri>t bodies, euch as little siipa of p^tei, or particln 
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of metal, with which this experiment ttest sncceeda, 
as the sutiBtances have very open pores. 

You will see, moreover, that what I have just now 
■aid respecting poniivt electricity muet eqiully take 
place in negative. The tranaitioa of the ether ia 
only reversed, by wtfich the natural pressure of the 
air must always be dimiuished. 

nth July, mi. 



LETTER XXX. 



mean* of a Qlob 

ArrcR the experiments made vrith glass tnbea, w« 
have proceeded to cany electricity to a higher de- 
gree of strength. Instead of a tube, a gl(Ae or 
round ball of glaas has been employed, which ia 
made to turn with great velocity rourul an axis, and 
on applying the hand to it, or a cushion of soma 
matter with open pores, a friction is produced which 
renders the globe completely electnc. 

fW. 94 represents this globe, Fig, g(. 

vhicn may be made to move ro — ■" — 

an axis A B, by a mechanism si 
lar to that em{doyed by turners. 
C is the cushion strongly applied 
to the globe, on which it rubs as it 
turns round. The pores of the 
cushion being, in this friction, com- 
pressed more than those of the glass, the ethercon- 
tained in it is expelled, and forced to insinuate itneU 
into the pores of the glass, where they continue to 
accumulate, because the open pores of the cushioD 
are continually supplying it with more ether, which 
it is extracting, at least in part, from surroundiiu 
bodies ; and thus the globe may be surcharged wtt£ 
ether to a much higher degree than glau tubas. 



Fig. 9*. 
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TtiA effects of electricity are accoidingly rendered 
much more considerable, but ot the sanie niiture 
with thoae which 1 have described, alternately at- 
tracting and repelling light bodies; and. the sparks 
which we see on touching the electric globe are 
mnch more lively. 

But naturalists have not rested Batiafied with such 
experiments, but have employed the electrical globe 
in Uie discovery of phenomena ^uch more sur- 
prising. , . 

Having constructed the machine for turning the 

idobe round its axis A B, a bar of iron F G, Fig. 9B, 

K« at. 




iM suspended above, or on one side of tlie globo, and 
towards the ^obo ia directed a chain of iron or other 
metal B D, terminating at D, in roetaliic filaments, 
which touch the globe. !t is sufficient that this chain 
be attached to the bat of iron in any manner what- 
«vet, or hot touch it. When the globe is turned 
lonndi and in turning made to rub on the cushion at 
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C, in Older that the giass may become snrchargefl 
with ether, which wiU consequently b« more elastic, 
it will easily pass from thence into the filaments D, 



for, being of metal, their pores are very open ; 
from thence, again, it will discharge itself by 
chain D E, into the bar of ironF G. Thus, by m 



of the globe, the ether extracted from the cuBhioa 
C will successively accumulate in the bar of iroa 
F G, which likewise, of consequence, becomes elec< 
trie ; and its electricitv uicreases in proportion w 
you continue to turn the globe. 

If this bar had a further conKDunication with oUwr 
bodies whose pores too are open, it would soon dis- 
chargfe into them its superfluous ether, and thereby 
lose its electricity; the ether extracted from th« 
cushion would be disjwrsed oyer all the bodies which 
had an intercommunication, and its greatest com- 
pression would not be more perceptible. To pre- 
vent this, which would prove fatal to all the phe- 
• Domena of electricity, the bar must of necessi^ be 
supported or suspended by props of a substance 
whose pores are very close; such as glass, pitch, 
sulphur, sealing-wax, and silk. It would be proper, 
then, to support the bar on prope of glass or pitch, 
or to suspend it by cords or silk. The bar is thui 
secured a^nst the transmission of its accumulated 
ethei, as it is surrounded on all sides only by bodies 
with close pores, which permit hardly any admission 
to the ether in the bar. The bar is then suA to be 
4mulaled, that is, deprived of all contact which could 
communieate, and thereby diminish, its electricitv. 
You muathe sensible, however, that it is not possible 
absolutely to prevent all waste ; for this reason, the 
electric!^ of such a bar must continually diminish, 
if it were not kept up by the motion of the globe. 

In this manner electncicy may be communicated 
to a bar of iron, which never could be done by the 
most violent and persevering friction, because of the 
Openness of its pores. And, for the same reason. 
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tach a bar rendered electric by commwucation pro- 
duces phenomena much more surpriaing. On pre- 
aenting to it a finger, or any other part or the bodri 
you Bee a very brilliant spark dart from it, which, 
entering into tne bod^, excites a pungent and sonie- 
times painlul senaation. 1 recollect having once 
presentod to it my head, covered with my peruke 
and hat, and the stroke penetrated it so acutely that 
I felt the pain next day.* 

These spaiks, which escape from every part of the 
bar on presenting to it a body with open porea, set 
on fire at once Bjnrit of wine, and kill small birds 
vrhoee heads are exposed to them. On plunging 
the end of the chain D E into a baain filled with 
water, and supported by bodies with close pores, 
such as ^ass, pitch, silk, the whole water becomes 
electric ; and some authors assure us that they have 
aeen considerable lakes electrified in this manner, so 
that on applying the band you might have seen 
even very pungent sparks emitted from the water. 
But it appears to me that the globe must be turned 
a very long time indeed, to convey auch a portion of 
«ther into a mass of water so enormous ; it would be 
likawiae necessary that the bed of the lake, and 
every thing in contact with it, should have their 
pores close.f 

The more open, then, the pores of a body are, the 
more disposed it is to receive a higher degree of 
electricity, and to produce prodigious efiecls. You 
must admit that au this is perfectly conrormable to 
the principles whidi 1 at first estabushed. 

14M July, 1701. 




LETTER XXXI. 

Electrisation of Mien arid AjikmU. 

As electricity may be commnntcated from glan t« 
•a bar of iron, by means of a chain which fonns that 
cominunicatioD, it may likewise be conveyed into ths 
human body; for the bodies of animals have this 
property in common with metals and water, that 
their pores are very open ; but the man who is to 
be the subject of the experiment roust not be in 
contact with other bodies whose pores are likewise 

For this puTpoae,the man is placed on a large Inmp 
of pitch, or seated on a chair supported t^ dan 
columns, or a chair aaspended by cords of aili, aa 
all these aubstancea have porea^ufficiently cIom to 
prevent the escape of the eiher with which the body 
of the man becomes surcharged by electricity. 

This precaution is absolutely neceeaary, for wer» 



Tejred into his body to a higher degree of comprea- 
■ion, it would immediately discbarge itself into the 
earth \ and we must be in a condition to surcharge it 
entirely with ether before the man conld become 
electric. Now you must beeensible that the cushion 
by which the globe of glaes is rubbed could not pos- 
aibly supply such a prodigioua quantity of ether, and 
that were you to extract it even out of the earth 
itself, you could gain do ground, for you would just 
take away as much on the one hand as you gave m 
the other. 

Having then placed the man whonryou mean to 
electrify in the manner which I have indicated, yon 
have only to make him touch with his hand the 
^obe of glaaa while it turns, and Uie ether Bccumii- 
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hted in the ^obe wiU easily pasa into the open pore* 
of the hand, and difliise itself over the whole body, 
from vhenee it cannot so easily escape, as the air 
and all the bodies with which he is surrounded have 
their pores close. Instead of touchiaK the glob« 
with his hand, it will be suSicient for him to touch 
the chain, or even the bar, which 1 described in the 
preceding Letter; but in this case, not only the roan 
oimself must be surcharged with ether, but likewise 
the chain with ihe bar of iron ; and as this requires 
a greater quantity of ether, it would be necessary to 
labour longer in turning the globe, in order to supply 
a sufficient quantity.* 

In this manner the roan becomes entirely electrici 
or, in other words, his wfaole body wiU be sur- 
charged with ether ; and this fluid wiU consequently 
be found there in the h^hest degree of compression 
and electricity, and will have a violent lenaency to 
escape. 

¥011 must be abundantly sensible that a state so 
violent cannot be indifferent to Ihe man. The body 
is in itsminutest parts wholly penetrated with ether, 
and the amallest fibres as well as the nerves are so 
filled with it, that tliis ether, without doubt, pervades 
the principal springs of animal and vital motion. It 
is accordingly observed, that the pulse of a man 
electrified l«ats faster — he is thrown into a sweat — 
and the motion of the more subtJle fluids with which 
the body is filled becomes more rapid. A certain 
change is Ukewiae felt over the whole body, which it 
is impossible to describe ; and there is every reason 
to believe, that (his stale has a powerful influence on 
the health, though sufficient experiments have not 
yet been made to ascertain in wnat eases this inSn- 
ence is salutary, or otherwise. It may sometimes b« 

•l«i tM ante, Mmrw. of nrftntlnc itH (iptilaMW, *M*U bi 
■Ml Ite MM «r 1^ tmt.~Am. M. 
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liigtily beneficial to haTe the Mood and hnmonn 
noMd to a more li*ely circulation ; certain obstruc- 
tions, which threaten dangerous tNjnsequencea, might 
thereby be prevented : bat on other occasions an 
affitation too violent might prove injurious to healA. 
The subject certainly well dcsetvea the attention of 
medical gentlemen. We have heard of many sur- 
prising cures perrormed by electricity, but we are not 
yet enabled sufficiently to distinguish the occasiom 
on which we may promise ourselves success. 

To return to our electrified man ; it is very re- 
markable, that in the dark we see him surrounded 
with a light similar to that which painters throw 
round the heads of saints. The reiison is abundantly 
obvious ; as there is always escaping from the bod^ 
of that man some part of the elher with which he is 
surcharged, this fluid meets with much resistance 
from the close pores of the air; it is thereby put into 
a certain agitation, which is the origin of li^t, as I 
have had the honour to demonstrate. 

Phenomena of a very Burprising' nature are re- 
marked in this state of a man electrified. On touch- 
ing him, you not only see very brilliant sparks issue 
from the part which you touch, but the man feels 
besides a very pungent pain. Further, if the person 
who touches him be in his natural state, or not 
electrified, both wnsibly feel this pain, which might 
have fatal consequeacea, especially ifhe were touched 
in the head, or any other part of the body of acute 
sensibility. You will readily comprehend, then, how 
little indilTerent it is to tis, that a part of the ether 
contained in our body escape from it, or that new- 
ether is introduced, especially as this is done with 
such amazing rapidity. 

Moreover, the Heht with which we see the maa 
turruiinded in the dark is an admirable confirmation 
of my remarks respecting the electric atmosphere 
which is diffused round Sn bodies ; and you wiU no 
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Urager find any difflcaltj' in th« (;reBter number of 
electrical pbenonien8,boweTermexpUcabla theymaj 



LETTER XXXII. 

Dittmelm Ckmcter of the two Speeiei of Electricity. 

Yon will please to recollect, that not only gjass 
becomes electric by friction, bnt that otber sub- 
stances, Bucta as se^ing-waz and sulphur, have the 
same property, in aa mnch as their pores are likewise 
close ; BO that whether you introduce into them an 
eztraordinai^ quantity or elber, or extract a part of 
it, they contmue for some time in that state -, not is 
the equiblninm so goon restored. 

Accordingly, inetosd of a globe of (rlaas, globes of 
sealing-wax and sulphur are employed, wnich are 
likewise made to revolve round an axis, rubbing at 
the same time against a cushion, in the same manner 
which I described respecting a globe of glass. Such 
^obee are thus rendered equ^y electric; and on 
applying to them a bar of iron, which toucheHthem 
only by slender filaments or fringes of metal, inca- 
pable of injuring the globe, electricity is immediately 
communicated to that bar, from which yon may 
afterward transmit it to other bodies at pleasure. 

Here, however, a very remarkable difference is 
observable. A globe of glass rendered electric in 
this manner becomes anrcharged with ether ; and 
the bar of iron, or other bodies hron^ht into commo- 
nication with it, acquire an electricity of the same 
nature. This electricity is denominated positive or 
augmented electricity. But when a globe of sealing- 
wax or sulphur is treated in the same manner, an 
electricity ifirectly opposite is the result, which is 
denominated negatiet or dimmiiM electricity, u 

Vol. II.— K 
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it is perceived that by friction these ^obea are de- 
prived or part of the ether contained in their pores. 

You will be surprised to see that the same friction 
is capable of producing efibcts alto^ther opposite ; 
but this depends on ihe nature of the bodies which 
undergo the friction, whether by communicating' or 
receiving' it, and of the rigidity of their particles 
which contain the pores. In order to explain the 
possibility of this difference, it is evident, at tirst 
sight, that when two bodies are rubbed violently 
against each other, the pores of the one must in 
most cases undergo a greater compression than 
those of the other, and that then the ether contained 
in the pores is extruded, and forced to insinuate 
itself into those of the bodies which are less com- 
pressed. 

It follows, then, that in this friction of glass agaioBt 
a cushion, the pores of the cushion undergo a greater 
compression than those of llie glass, and consequently 
the ether of the cushion must pass into the ^lass, 
and produce in it n positive or increiued electricity, 
as 1 have already shown. But on substituting a 
globe of sealing-was or of sulphur in place of the 

5 lass, these substances being susceptible of a greater 
egree of compression in their pores than the aub- 
stance of the cushion with which the friction is per- 
formed, a part of the ether contained in these globes 
will be forced out, and constrained to pass into the 
cushion; the globe of seating-wax or sulphur will 
thereby be deprived of part of its ether, and of course 
receive a negative or diminished electricitv. 

The electricity whicha barof iron, or of any other 
metal, receives from communication with a globe 
of sealina-wax or sulphur, is of the same nature ; as 
is also Ihal which is communicated to a man placed 
on a lump of pitch, ur suspended by cords of silk. 
When such a man, or any other body with open 
pores elertrilied in the same manner, is touched, 
nearly the same phenomena are observable as intba 
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case of positive electricity. The touch is here like- 
wise accompanied with a spark, and a puncture on 
both sides. The reason is obvious ; for the ether 
which in this case escapes from bodies in tbeir 
natural state, to enter into electrified bodies, being 
under constraint, must be under an agitation which 

6r6duc«s light. A sensible diflerence is, however, 
> be remarked in the fi^re of the spark, according 
as the electricity is positive or negative. See that 
of poailive electricity, Fig. 96. 
Fig. 06. 



If the bar A B possesses positive electricity, and the 
finger C is presented to it, the light which issues out 
of the bar appears under the form of rays diverging 
from the bar towards the finger m n, and tne luminous 
point is seen next the finger. 

But if the bar A B, Fig. 07, is negatively electric. 
Fig. 07. 



and the flnger C is presented to it, the Inminons rays 
Din diverge from the finger, and you see the lumi- 
nous point p next the bar. 

This is the principal character by which positive 
is distinguished from negative electricity. From 
whencesoever the ether escapes, the spark is emitted 
in the figure of rays diverging from that point ; but 
when the ether enters into a tiody, the spark is a 
luminous point towards the recipient body.* 

Sljf Aiji, 1T61. 

• Pnftnar HlMWmnil hu 1«mIt ft"i"i '<"' 'J" ^" »iri IwriBi m 
tWniHU ftwn wj^^nu'kxnukcii. Tlw plena of mauJ whith 
tmmaimniltBia\e1llint. Tbfj but lU Uw iwiii ibma ■>< lUmM. 
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LETTER XXXIII. 

Hoio tit tame Globe of QUui may furwh si once Ar 
two ^teciee of Ekctncity. 

' YoD will be enabled to see etill more clearly the 
(liSeience between positive and negative electncity, 
after I baTe explained how it is possible to piodace 
by ona and the same globe of glass both the species ; 
and this will serve at the same time further to elu- 
cidate these wonderful phenomena of nature. 

Let A B, Fig. 98, be the globe of glass tgining 
Fig. 08, 
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round iu axis C, and rubbed Rf^inst the ciubiott D, 
in an opposite direction to wiiich the globe is touched 
by the metallic filaments F attached to the bar of 
iron F G, which is auapended by cords of still H and 
1, that it may nowhere touch bodies with open 
pores. 

This being laid down, you know that by friction 
•gainst the cushion D, the ether passes from the 
cushion into the glass, fi«ni which it becomes more 
compressed, and conseiiuenlly more elastic : it will 
paaa, therefore, from thence, by the -metaUic fila- 
ments P, into the bar of iron F G ; for Ihough the 
pores of glass are abundantly close, as the ether in 
the globe is continually accumulating by the friction, 
it soon becomes so overcharged that it escapes by 
the metallic filaments, and dischargee itself into the 
bar, by which this last becomes eaualiy, electric. 

Hence you perceive that all tliis superfluity of 
ether is supplied by the cushion, which would speed- 
ily be exhausted unless it had a free communication 
with the frame which suMwrts the machine, and 
thereby with the whole earth, which is every instant 
•upplying the cushion with new ether ; so that as 
long aa the friction continues, there is a quantity 
snacient further to compress that which is in the 
^obe and in the. bar. But if the whole machinery 
IS made to rest on pillars of glass, as M and N, or 
ifjt is suspended by cords of silk, that the cushion 
may kave' no communication with bodies whose 
pores ar€ open, which might supply the deficiency 
of etiier, it would soon be exhausted, and the elec- 
tricity could not be conveyed into the globe and the 
bar beyond a certain degree, which will be scarcely 
perceptible unless the cushion be of a prodi^ous 
size. To supply this defeci, the cushion D is put 
in communication with a large mass of metal E, the 
«ther of which is sufficient to supply the globe and 
ihe bar, and to carry it to such a nigh degree of 
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Yon will thus procure to the globe and to the bar 
a pOBilive electricity, as has been alreadT expliined. 
But in proportion as they become tfiircnatged with 
ether, the cushion and the metallic mass E will kise 
itiB same quantity, and thereby acquire a negativ* 
electricity : so that we have here at once the two 
epecies of electricity; tiie positive in the bar, and 
tiie negative in the metaUio mass. Each produces 
its effect conform ablyto ita nature. On presenting 
a finger to the bar, a spark with diTcrgent rays wiu 
issue from the bar, and the luminous point will ba 
seen towards the linger ; but ifvou present the finger 
to the metallic mass, the spark with divergent raya 
win issue from the finger, and you will see the hi- 
■ninous point towards the mass. 

Let us suppose two men placed on lumps of pitch, 
to cnt off all communication between them and 
bodies with op«^ pores ; let the one touch the bar, 
and the other thSvietallic mass, while the machine 
is pnt in motion : it Is evident that the former will 
become positively electric, or«urcharged with ether ;' 
whereas the other, he who touches the metallic 
mass, will acquire a negative electricity, and lose 
his ether. 

Hete, then, are two electric men, but in a manner 
totally different, though rendered such by the same 
machine. Both will be surrounded by ail elec- 
tric atmosphere, which in the dark will appear .UXe 
the light that painters throw about the figves of 
aaints. The reason is, that the superfiilbus ether 
of the one insensibly escapes into (he circumamtHent 
air; and that, with respect to the other, the ether 
contained in the air insensibly insinuates itself into 
his body. This transition, though insensitde, will 
be accompanied with an agitation of ether, which 
produces light. 

It is eTident that these two species of electricity 
are directly optmsite ; but in order to have a thorODgn 
ctKtviction of it, let these two join hands, or ^iuy 
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touch each other, and you will see very vehement 
sparks issue from theic bodies, and they themselves 
■will feel very aciite piain. 

iriheywere electrified in the same manner, which 
would be the case if both touched the bar or the 
metallic mass, they might safely touch each other ; 
no spark and no pain would ensue, because the 
etber contaiued in both would be in the same state ; 
whereas, in the case laid down, their state is directly 
o(,posite. 

SUA Jidy, ITfll. 



LETTER XIXIV. 

The Leydtn Exptrmenl. 

I HOW im>cee4 to describe a phenomenon of elec- 
tricity which has made a ^at deal of noise, and 



whicn is known by the name of the Ltt/den (Mwrt- 
- because Mr. Mutckenbroeck, [wofessor at Ley- 
B the inventor of it ■ What is most astoniui- 



inginthis experiment is the terrible stroke resnltinff 
lh>m it, by wnich several persons at once .rosy re- 
ceive < very violent shock. 

Let C, /y. 99, be 8 globe of flass, turned ronnd 
by m^ans ofthe handle E, and rubbed by the cushion 
D D, which is pressed upon the globe by the s[wing O. 
At Qore the metallic Qlamenls which transmit the 
electricity into the bar of iron F G, by the metaUie 
chain P. 

Hitherto there is nothing diAerent from the pro- 
cess already described. Bui in order to execute the 

• Tba SntjHisa who wHntMed tat ilmcli vm Cniif nt. a elwt pnia 

oTilKtik'SiM Mpua luioilia «i<r iiufM|h ivin. wbWIi tiiu|rtai* 
ttw rillH (aiduclor, Is uiiTUJii Id uRcrtiupoiiilKiaiuof IlHW«Ur: 

no** ibe wiiB Mik U* oUwr liaiid ; tud, MioucklniU, uhliinMa^ 
lOKighmvat, ncMnd ilia ■hack.- An. JU. 
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•xperiment in qaestion, to the bar is attached an- 
Otner chain of metal H, one extremity of which I is 
iDtrodnced into a glass bottle K K, filled with water ; 
the bottle too ie placed in a basin L L, likewise filled 
with water. You plunge at pleasure into the water 
In the basin another chain A, one endof which drags 
on the floor. 

Having put the machine in motion Tor some time, 
that the bar may become sufficieiitlv electric, you 
know that if the finger were to be presented to the 
extremity of the bar at a, the usual stroke of eleo- 
tricity would be felt from the spark issuing oal of 
it. But were the same person at the same time to 
put the other hand into the water in the basin at A, 
or were he but to touch with any part of hia body 
the chain plunged in that water, he would receive a 
Btroke incomparably more violent, by which his 
whole frame would undergo a severe agitation. 

This shock may be communicated to many per- 
sons at once. They have only to join hands, or to 
touch each other, were it but by the clothes ; then 
the first pots his hand into the water in the basin, or 
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touches the chain only, one end or which is plimmd 
into it ; and as'soon as the last person applies niB 
Bager to the bar you will see a spark dart from it 
much more vehement than usual, and the whole 
ctuiin or persons feel, at the same instant, a very 
violent shock over their whole body. 

Such is the famous Leyden experiment, which is 
so much the more surprising, that it is difficult to 
see how the bottle and the water in the basin con- 
tribute to increase so considerably the effect of the 
electricity. To solve this difficidty, permit me to 
make the following reflections. 

1. While bv the action of the machine the ether 
is compressea in the bar, it passes by the chain H 
into the water contained in the bottle I, and there 
meeting a body with open pores, the water in th« 
bottle will become as much surcharged with ether 
as the bar itself. 

S. The bottle, being glaaa, has its pores clo8& 
and therefore does not permit the ether compreBsed 
within it to pierce through the substance of the 
glass, to discharge itself into the water in the baain ; 
consequently, the water in the basia remains in it> 
natunu stats, and will not become electric ; or even 
on the supposition that a little of the ether might 
force its way through the glass, it would preAentlv 
be lost in the basin and pedestal, the pores of whicn 
are open. 

3. Let us now consider the case of a man with 
one band in the water in the basin, or only in con- 
tact with the chain A, one extremity of which is 
immersed in that water ; let hira present the other 
hand to the bar at a, the result will be aa the first 
effect, that with the spark which issues ttom the 
bar the ether will make its escape with great ve- 
locity, and meeting everywhere in the body of the 
man open pores, will without obstruction be diflkued 
over il. 

4. Hitherto we see only the usual effect of elec- 
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tricity ; but while the ether with such rapidity flies 
over the body of the man, it discharges itseK with 
equal rapidity, by the other hand, or by the chain A, 
into the water in the basin; and as it enters this 
with such impetuosity, it will easily overcome the 
obstacle opposed by the glass, and penetrate into the 
water which the bottle contains. 

6. Now Ihe water in (he bottle containing already 
an ether too much compressed, it will acquire from 
this increase new force, and will difTuse itself with 
impetuosity, as well through the chain I H as 
through the bar itself : it will of consequence make 
its escape thence at a with new efforts ; and as this 
is performed in an instant, it will enter into the (inger 
with increased force to be difBised over the whole 
body of the man. 

6. Passing thence anew into the water in the basin, 
and penetrating the bottle, it will increase still fur- 
ther the a^tation of the ether compressed in the 
water of the bottle and in the bar; and this will con- 
tinue till the whole is restored to equilibrium, which 
will quickly take place, from the great rapidity with 
which the ether acts. 

7. The same thing will happen if you employ 
several persohs instead of one man. And now! 
fiatter myself, you fully comprehend whence arises 
the surprising increase of force in the electricity 
which is produced by this experiment of Mr. Mut- 
ehenbroeck, and which exhibits effects so prodigious. 

8. If any doubt could remain respecting what I 
have advanced, that the ether compressed in the 
water of the bottle could not penetrate through the 
glass, and that afterward I have allowed it a passa^ 
abundantly free — such doubt will vanish when it is 
considered, that in the first case every thing is ia a 
stale of tranquillity, and in the last the ether is in a 
terrible agitation, which must undoubtedly assist its 
progress through the closest passages. 

asiA July, 1761. 
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After these elucidations, you can be at no loss 
respecting' the cause of the prodigious eRects ob- 
servable in the phenomena of electricity. 

Most authors who have treated the subject, per- 
plex the experiments in such a manner that they are 
rendered absolutely unintelligible, especially when 
they attempt an explanation. They have recourse 
to a certain subtile matter, which they denominate 
tht tleetrie fluid, and to which they ascribe qualities 
ao extravagant, that the mind rejects them with con- 
tempt ; and they are constraiaed to acknowledge, at 
length, that alt their efforts are insufficient to fumish 
OS with a solid knowledge of these important phe- 

But yoo are enabled to conclude, from the prin- 
ciples which I have unfolded, that bodies evidently 
become electric only so far as the elasticity, or the 
state of the compression of the ether in the pores of 
bodies, is not the same as everywhere else ; in other 
words, when it is more or less compressed in some 
than in others. For in that case the prodigious 
elasticity with which the ether is endowed makes 
violent efforla to recover its equilibrium, and to re- 
store everywhere the same degree of elasticity, as 
far as the nature of the pores, which in different 
bodies are more or less open, will permit ; and it is 
the return to equilibrium which always produces the 
phenomena of electricity. 

When the ether escapes from a body where it is 
more compressed, to discharge itself mto another 
where it is less so, this passage is always obstructed 
by the close pores of tbe air ; hence it is put into a 
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certain agitatkiii, or violent motion of tibration, in 
which, aa we hare seen, light consiate ; and the more 
violent this motion is, the more brilliant the liglit 
becomes, till it is at length capable of setting bomea 
<tn fire, and of burning them. 

While the ether penetrates the air with eo much 
force, the particles of air are likewise put into amo- 
tion of vibration, vrhich occasions sotind ; it is ac- 
cordingly observed, that the phenomena of electri- 
city are accompanied with a cracking noise, greater 
orlesa, according to the diversity of circumstances. 

And as the bodies of men and animals are filled 
with ether in their minutest pores, and as the action 
of the nerves seems to depend on the ether con- 
tuned in them, it is impassible that men and animala 
should be indifferent with respect to electricity ; and 
when the ether in them is put into a great agitation, 
the effect must be very sensible, and, accoixling to 
circumstances, sometimes salutary, and somettmea 
hurtful. To this last class, undoubtedly, must be 
referred the terrible shock of the Leyaen experi- 
ment ; and there is every reason to beLeve that it 
niight be carried to a degree of force capable of ktll- 
ingmen, for by means of it many small animals, such 
B8 mice and birds, have actually been killed. 

Though friction usually Is employed in the pro- 
duction of electricity, you will easily comprehend 
that there may be other means besides this. What- 
ever is capableof carrying the ether contained in the 
pores of a body to a greater or less degree of com- 
pression than ordinary, renders it electric : and if its 
pores are close, there the electricity will be of some 
duration ; whereas, in txtdies whose pores are open 
it cannot possibly subsist, unless surrounded by air, 
or other bodies with close pores. 

Hence it has been observed, that heat frequently 
anpplies the place of friction. When you heat or 
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they are cooled. The reafion is no lon^r a rnvBtery, 
as we know that heat enlarges the pores ofall bodies, 
for they ocpupy a greatei space when hot than wheo 
they are cold. 

Voti know that in a thennomtter the merctny 
rises in heat and falls in cold ; because it occupies 
a greater space when ^t is hot, and fills the tube 
more than when it ie cold. We ftod, for the same 
reasot),-tbat a bar of iron very hot is always some- 
what longei than when cold — a property common to 
all bodies with which' we are acquainted. 

When, therefore, we melt by fire a tnass of seal- 
ing-wax or sulphur, their pores are enlarged, and 
probably more open ; a greater quantity of ether must 
of course be introduced to fill them. When, after- 
ward, these substances are suffered tp cool, the pores 
contract and close, so that the ether in them is re- 
duced to a snraUer space, and consequently carried 
lb a higher degre.^ pf compression, which increases 
its elasticity: these masses will acquire, therefore, 
a positive electricity, and must consequently exhibit 
the effects of it. 

This property bf becoming electric by heat is 
remarked in most precious siones. Nay, there is 
a atonie oameA laiirmaline, which, when rubbed or 
heat«d. acquires at once the two species of electri- 
city. The ether In one part of the atone is expelled 
to compress more that which is in the other part; 
Mkl its pores are too close to permit the re-establish- 
ment or the equililmum.* 
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' sUTprise, that thunder aiid lightning, as n 
the terrible phenomena which accompany them, 
derive their origin from the same principle ; and that 
in these nature executes on the great scale what 
naturalists do in miniature t^ their experiments. 

Those philosophers who thought they saw some 
resemblance between the phenomena of thunder and 
those or electricity were at first considered as vision- 
aries ; and it was imagined that thev made use of 
this pretence merely as a cover to tneir ignorance 
respecting the cause of thunder : but you will soon 
be convinced that every other explanation of these 
rrand operations of nature is destitute of founda- 
tion. 

In truth, every thing advanced on the subject pre- 
Tiooa to the knowledge Of electricity was a mass of 
absurdity, and Utile calculated to convey instAction 
respecting any of the phenomena of thunder. 

Ancient philosophers attributed the cause of it to 

■nMlmH It «« loKli MiTMU >nd nrimw elecirleiiT. Tbc diup- 
•nny biteK Ui* (nnliif paiiil — 8et H«llx^ TtaiU U Hntretogii, laB. 
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aulpliureons and biturninous rapours, which, ascMid- 
ing from the earth into the air, mixed with the . 
clouds, where thoy caught fire from some uokoown 
cause. 

Descartes, who quickly perceived the insufficiency 
of this cxplanatioD, imagined another cause in the 
clouds themselves, and thought that. thunder might 
be produced by the sudden fall of more elev^ed 
clouds OQ others in a lower rexion of the air; that 
the air contained in the intermediate space Was com- 
pressed by this fall to such a degree aawaa capote 
of exciting a noise so loud, and even of producing 
lightning and thunder, though it was impossible for 
him to demonstrate the possibility of iL 

But without filing your attention on false expla- 
nations, which lead t^ nothing, I hasten to inform 
you that it has been discovered by incontestable 
proa £l that the. phenomena of thunder are always 
accompanied by the most indubilable marks of dec- 

Let a bar of metal, say of iron, be placed on a 
pillar of glass, or any otiter substance whose pores 
are close, that when the bar acquires electricity it 
may not escape or communicate, itself to the body 
which supports the bar i as soon as a thunder-atotm 
arises, and the clouds which contain the thunder 
come directly over the bar, you perceive in it a very 
strong electncity , generally far surpassing that vrtuch 
art produces ; it you apply the hand to it, or ai^ 
other body vrith open pores, you see burstmg from 
it, not only a spark, but a very bright flash, widi a 
noise similar to thunder; the man who applies his 
hand to it receives a shock so violent uut he is 
stunned. This surpasses curiosity; and there is good 
reason why we should be on our guard and not ^>- 
proach the bar during a storm. 

A professor at Petersburg, named ibcAnMen, has 
bnushed a melancholy exaoiple. Having peiooiTtd 
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s resemblance so BtrikinK between the pbenotnena 
of thunder and those Of electricity, this unrortunate 
naturalist, the more clearly to ascertain it by experi- 
ment, raised a bar of iron on the roof of his house, 
cased below in a tube of glass, and supported by a 
mass of pitch. To the bar he attached a wire, which 
be conducted into his chamber, that as aoon as the 
bar should become electric, the electricity might 
IWTe a free communication with the wire, and so 
SQaMe him to prove the effects in bis apartment. 
And^ it may be proper to inform you, that this wire 
was conducted in such a manner as nowhere to be 
in contact but with bodies whose pores are close, 
such as glass, pitch, or silk, to prevent the eBca|>e 
ef the electricity. 

Having made this arrangement, he expected a 
Hmnder-storm, which, unhappily for him, soon came. 
The thuoder was' heard at a distance : Mr. Bichriumn 
was all attention to his wire, to see if he could per- 
ceive any mark of electricity. As the storm sp- 
pTOached, he judged it pindent to employ some pre- 
caution, and not keep too near the wire ; but hap' 
peniog carelesslr to advance his chest a little, he 
received a terrible stroke, accompanied with a loud 
clap, which stretched him lifeless on the floor. 

About the same time, the late Dr. Lieberhikn and 
Dr. Lndolf ^ete preparing to make similar eiperi- 
menis in this city, and with that view had fixed bars 
of iron on their houses ; but being informed of the 
disaster which had belhllen Mr. jSchmmn, they bad 
the bars of iron^ immediately removed ; and, in my 
0[Hnion, they acted wisely. 

From this you will readily judge, that the air Or 
atmosphere must become very electric during a 
thunder-storm, or that the ether contained in it must 
then be carried to a very highiiegree of compres- 
sion. This ether, with which the air is surcharged, 
will pass into the bar, because of its open pom; 
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and it will become electric, u it would have been 
in the conunou method, but in a moch higher de- 
gree. 
4(A Augiul. 1761. 
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Thi experiments now mentioned incontestaUy 
demonstrate, therefore, that atDimr clouds are ex- 
tremelv electrical, and that consequently their porea 
are either surcharged with ether, or exhausted, as 
both states ue equally adapted to electricitv. But 
I have very powerful reasons for believing tnat thia 
electricity is positive, that the ether in them is com- 
pressed to the highest degree, and consequently so 
much the more elastic than elsewhere. 

Such storms usually succeed very sultry weather, 
llie pores of the air, and of the vapours floating in 
it, ate then extremely enlarged, aod filled vub a 
prodigious Quantity of ether, which easily takea poa- 
teesioa of all .the empty spaces of other subetaiKea. 
But when the vapours collect in the superior re- 
gions of our atmosphere, to form clouds, Uiey have 
to encounter excessive cold. Of this it is imposaiblo 
to doubt, from the hail which is frequenlW formed 
in these regions: this isa sufficient proof of acong»- 
latioQ, aa well as the enow which we find on the topa 
of very high mountains, such as the Cordilleru, 
while extreme heat prevails below. 

Nothingthenis more certain, or better established 
by proof, than the excessive cold wtiich univenally 
prevails in the upper regions of the atmosphere, 
where clouds are tbmied. It is equally certain, that 
cold contracts the pores of bodies, by reduiung tbem 
to a smaller size : now, as the pores of the vapoura 
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hsre b«eii extremely enhiged by the heat, u Moa 
«B they aie formed moll into clooda, the pores con- 
tnct, and tbe ether which filled them, not being able 
to escs^, becaiue those of the air are very clow, it 
must needs remaiti there ; it will be of course com- 
pressed to a ranch higher degree of density, and 
consequently its elasticity will be so much the 
greater. 

The real state of stormy clouds, then, is this—the 
ether contained in tbeii porea is much more elastic 
than usual, or, in other words, the clouds hate a 
positive electricity. As they are only an assemblage 
of humid vsqionra, their pores are very open ; t^ 
being anrroimded by the air, whose pores are close, 
. this ether could not escape but very imperceptibly. 
But if any person, or aiiy body whatever with open 
pores, were to approach it, the same phenomena 
which electricity exhibit^ wookl present tnemaelves ; 
a very vehement sjraiii, or nther a real flash, would 
burst forth. Nay more, the body would undergo ft 
very violent shock by the discharge, from the im- 
petuosity with which the ether in the cloud would 
rush into its pores. This shock mi^l be indeed so 
violent as to destroy the structure ; and, finally, the 
terrible agitation of the ether which bursts from the 
cloud, being not only Ught, but p real Are, it might 
be capable of kindling and consuming combustiblo 
bodies. 

Here, then, you will distinguish all the circum- 
stances which accompany thunder; and as to the 
noise of thunder, the cause ia very obvious, for it is 
impossible the eiher should be in such a state of 
aj^tation without the air itself receiving t^om it 
the moat violent concussions, which forcib^ impel 
the particles, and excite a dreadful noise. iTiunaer, 
then, bursts forth as often as the force of ether 
contained in the clouds is capable of penetrating 
into a body where the ether is in its natural state, 
and whose porea are open ; it is not even iwca*- 
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oary ihai such body shouliT immediately touch the 

What I taBve said respecting the atmoBphere of 
electrified bodies principally takes place in clouds ; 
and frequently, during a Btoim, we are made sensible 
of this electric atmoaphere by a stiffing air, which is 
particularly oppressive to certain persona. As eooa 
as the cloud begins to dissolve into rain, the air, 
becoming humid byit.ischarged'WJth an electricity, 
by which the commotion may be conveyed to bodies 
at a very great distance. 

It is observed that thunder usually strikee very 
elevatedbodie3,8uchasthesummitB of church-spires, 
when they consist of substances with open porea, as 
all metals are ; and the pointed fonn contributes not • 
aUttle to it. Thunder frequently falls likewise on 
water, the pores of which are very open ; but bodies 
with close pores, as glass, pitch, sulphur, and silk,, 
are not greatly susceptible of the thunder-stroke,' 
Duless they are very much moistened. It has been 
accordingly observed, that when thunder passes 
ttirough a window, it does not perforate thff' glass, ' 
but always the lead or other substances which unite 
the panes. It is almost certain, that an apartment 
of etass cemented by pitch, or any other substance . 
with close pores, would be an efiectual' security 
against the ravages of thunder. 

8th Augtut, 1761. 



LETTER XXXVIII. 

CoiUiitualioh. 

Tbdhder, then, is nothini else but the effect of 
the electricity with which trie clouds are endowed; 
and as an electrified body, applied to another in its 
natural state, emits a spark with some noise, and 
diachargvs into it the supetfluoas ether wiUi pn>- 
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digioiu impetDosily, the same things takes place in a 
cloud that IS electric, or surcharged with ether, but 
with a force incompaishly greater, because of the 
terrible mass that is electrified, and in which, ac- 
cording to every appearance, the ether is reduced to 
a much higher degree of compression than we are 
capable of producing in it by our machinery. 

Wlten, therefore, such a cloud approaches bodies 
prepared for the admission of its ether, this dis- 
charge must be made with incredible violence : in- 
stead of a simple spark, the air will be penetrated 
vith a prodigious flash, which, excitinga commotion 
in the ether contained in the whole adjoining region 
of the atmosphere, produces a most brilhant light; 
and in this lighting consists. 

The air is at the same time put into a very vio- 
lent motion of vibration, from which results the 
noise of thunder. This noise must, no doubt, be 
excited at the same instant with the lightning; but 
fou know that sound always requires a certain 
euantity of time, in order to its transmission to any 
distance, and that its progress is only at the rate of 
about eleven hundred feet in a second; whereas 
ligkt travels with a velocity inconceivably greater. 
iUDce we always hear the tbimdcr later than w« 
■ea the lightning ; and from the number of seconds 
intervening .between the flash and the report, we are 
on^od to determine the distance ot the place 
«her« it is genm&ted, allowing eleven hundred feet 
to ■ second. 

The body itself, into which the -electricity of the 
cloud is discharged, receives from it a most dreadful 
stroke; sometimes it is shivered to pieces — some- 
tinwa set on fire and consumed, if combustible — 
■ometimes melted, if it be of metal ; and, in such 
case*, we say it is thunder-strtick:, the effects of 
wUch, however sorprising and extraordinary tber 
nay appear, are in perfect consistency with the welU 
knvwn phenomena of electricity. 
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A sword, it is known, haa gometimeB been by 
thunder taelted in ihe scabbard, white the last sus- 
tained no injury : this is to be accoimted for from 
the openness of ihe pores of the metal, which the 
ether very easily penetrates, and exercises over it 
all its powers ; .whereas the substance of the scab- 
bard is more closely allied to the nature of bodies 
with close pores, which do not permit the ether so 
free a transmission. 

It has likewise been foond, that of several penons 
on whom the thunder has fallen, some only bav« 
been struck by it ; and that those who were in the 
middle suffered no injury. The cause of this phe- 
nomenon likewise is manifest. In a group exposed 
to a thunder-storm, thejtare in the greatest danger 
who stand in the nearest vicinity to the air that is 
surcharged with ether; as soon as the ether is dis- 
charged upon one, all the adjoining air is brought 
back to its natural state, and consequently thoe* 
who were nearest to the unfortunate victim feel no 
effect; while others, at a greater distance, wber* 
the air is still sufficiently surcharged with ether, are 
struck with the same thuuder-clap. 

In a word, alt the strariKe circumstances so fira- 
quently related of the effects of thundw csnUtin 
nothing which may not be easily leconciled with 
"" e or electricity. 



or from bodies. However extravagant this senti- 
ment may appear, it is not so absurd, as it is difficult 
to distinguish in the phenomena of electricily 
whether tQo spark issues from the body which is 
electrilled, or from that which is not so, as it equally 
fills the space between the two bodiea; and if the 
electricity is negative, the ether and the spark srs 
in reality emittM from the natural or non-eiectiifted 
body. But wo are aufflcieatly assured, that in tluui> 
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der the cloudi have a positive eloctricitr, and that 
the lightniiiK is emitted from the clouds. 

You will Be justifiable, however, in asking, if by 
evoiy stroke of thunder aoroe terreatrial body ia 
afiectedl We aee, in fact, thatit very rarely strikes 
buildin)^, or the human bodv ; but we know, at the 
same time, that trees are frequeotly aifected by it, 
and that many thunder-strokes are discharged into 
the earth and into the water. \ believe, however, 
it might be maiatatned, that a great many do not 
descend so low, and that the electricity of the clouds 
is very frequently discharged into the air or atmo- 
sphere. 

The small opening of the pores of the air no 
longer opposes any obstruction to it, when vapours 
)r rain have rendered it suOiciently humid ; for then 
we know the pores are open. 

It may very possibly happen in this case, that the 
superfluous ether of the clouds should be discharged 
siinply into the air ; and when this takes place, the 
strokes are neither so violent, nor accompanied with 
BO Treat a noise, as when the thunder bursts on the 
earth, When a much greater extent of atmosphere is 
pot in agitAtion. 

Hlh It^ujt, 1761. 



LBTTER XXXiX. 

Tht Pottibility of mnenting, and of anertmg, lAt 
EfftcU of Thunder. 

It has been asVed, Whether it might not be pos- 
siblo to prevent or to avert the fatal effects of thun- 
der ! You are well aware cf the importance of the 
question, and under what obligation I should lay a 
mtdtitude of worthy people, were 1 able to indicate 
an inf^ble method af finding protection against 
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The knoirtedKe of the nature and elfbeta of elee- 
tricity permits me not to doubt that the thine is 
pOMiDle. 1 corresponded sMne time boo with a 
Horaviim priest, named Procopius Dinuch, who m- 
mred me that he had averted, during a whole sum- 
tner, every thunder-Btnnn which threatened his own 
habitation and the neighbourhood, hy means of a 
niachine constnicted on the principles of electricity. 
Several persons since arrived from that country 
have assured me that the fact isondoubted, aod 
confirmed by irresietible proof. 

But there are many respectable characters wbot 
on the BnppositioQ that the thing is practicably, 
- would have their scrupleB respecting the lawfulness 
of employincf mich a preservative. The ancient 
pagans, no doubt, would have considered him as 
impious who should have presomed to interfere 
with Jupiter in the direction of his thunder. ' Chris- 
tiana, who are assured that thunder is the work of 
God, and that Divine Providence frequently employs 
it to punish tlie wickedness of men, might with 
eqnal reason allege that it were impiety to attempt 
to oppose the course of sovereign justice. 

Without involving myself in this delicate discus- 
sion, 1 remark that conlTa^tioits, deluf^s, mid 
many other general calamities ai« likewise the 
means employed by Providence to ponish the sins 
of men ; but no one surely ever will pretend, that it 
is unlawful to prevent or resist the progress of a 
fire or sn inundation. Hence I infer, that it is per- 
fectly lawful to use the meana of prevention a^iaiinst 
the effects of thunder, if they are attainable. 

The melancholy accident which befell Mr. Aici- 
nxmn at Petersburg demrfnstrates that the thunder- 
stroke which thia gentleman unhappily attracted to 
himself, would undoubtedly have fallen somewhere 
else, and that this place thereby escaped ; it can 
therefore no longer remain a question whethor it be 
posaible to conduct thunder to one place in pmtn- 
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Aoca to BooUwr ; and Hub seems to bring ub imu 
our mark. 

It would DO doubt be a matter of atill greater im- 
portance to have it in our power to diveat the clouds 
of their electric force, without being uoder the 
necesMCv of expoeina any oae place to the ravagec 
of thunder; we should in that case altogether pre- 
vent these dreadful effects, which terrify so giMt a 
part of mankind. 

This appears by no means impossible ; and the 
Moravian priest wnoni I mentioned above unques- 
tionably effected it ; for I have been assured that his 
machinery sensibly attracted the clooda, and coo- 
Btrainod them to descend quietiy in a distillation, 
without any but a very distant thunder-clap. 

The experiment of a bar of iron, in a very ele- 
vated situation, which becomes electric en the 
approach of a thunder-etonn, may lead us to the 
construction of a similar machioe, as it is certain 
that in proportion as the bar discharges its electricity 
the clouds must lose precisely the same quantity ; 
but it must be contrived in such a manner, that uie 
bars may immediately discharge the ether which 
they have attracted. 

It would be necessary for this purpose to procure 
for them a free communication with a pool, or with 
the bowels of the earth, which, by means of their 
open pores, may easily receive a much greater 
quantity of ether, and disperse it over the whole 
immense extent of the earth, so that the compres- 
sion of the ether may not become sensible in any 
particuiaT spot. This communication la very easy, 
by means of chains of iron, or any other metal, 
which will with great rapidity carry off the ether 
with which the bars are sivcharged. 

I would advise the fixing of strong bars of iron, 
in very elevated situations, and several of them to- 
gether, their higher extremity to tenninate in a 
point, as this figure is very much adapted to the 

Vol. II.— M 
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ittraction of electricity. I would afterward attatdi 
loQg chains of iron to these bars, whicti I would 
Gooduct under ground into a pool, lake, or river, 
there to dischargfe the electricity; and I have ao 
doubt, that after making repeated essays, the means 
may be certainly discovered of rendering such ma- 
chinetT more commodious, and more certain in ita 
eflfect.* 

II is abundantly evident, that on the approach of 
a. thnDder-storm, the ether with which the clouds 
are surcharmd would be transmitted in ereat abun- 
dance into these bars, which would ther^jy become 
very electric, unless the chains furnished to the ether 
a free passage, to spend itself in the water and in the 
bowels of the earth. 

The ether of the clonds would continue, therefore, 
to enter Quietly into the bars, and would. bjr ita agita- 
tion produce a tight which might be visible on the 
pointed extremities. 

Such light is, accordingly, often observed durinfr 
a storm on the summit of spires — an infallible proof 
that the ether of the cloud is there quietly discharg- 
ing itself J and every one considers this as a very 
good sign of the harmless absorption of many than- 
der-Strokes. 

Lights are likewise frequently observed at sea on 
the tops of the masts of ships, known to sailors by 
the name ot Castor and Pollux ;f and when such signs 
are visible, they consider themselves as safe from 
the stroke of thunder. 

Most philosophers have ranked these phenomena 
among vulgar superstitions -, but we are now fully 
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SMured tbat snch Bentiments are not without tatat' 

dation; indeed, they are infinitely bettei founded 

than many of our pliUosophical n 

IStAAaguit, 1761. 



LETTER XL. 

On the celebrated Problem of the Longitude : General 
Description of the Earth, of ill Axis, its tao Polet, 
and the Equator. 

Yotr -mil by thia time, no doubt, imagino that 
enough haa been said of electricity; and indeed I 
have nothing further to add on that subject ; and am, 
of courae, not a little embarrassed about the choice 
of one worthy of your attention. 

In order to determine my choice, I think myself 
obliged to take into consideration iboae subjects 
which moat materially interest human knowledge, 
and which authors of celebrity most frequently bnng 
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forwird. These are sid)JBcts reapecting which, itia 
to be prMumed, peraons of quality have considerabls 
infonnatiati. 

As fou must unquestionably have beard frequent 
mentioD made of the celebrated problem of the lon- 

E 'tilde, for the solution of which the British nation 
IS proposed a most magnificent premium, 1 presume 
that my labour will not be wholly thrown awav if I 
employ it in laying before you a fair state oi that 
important question. It baa such ao intimate con- 
nexion with the knowledge of our terraqueous globe, 
that it were a shame to be ignorant oT it. It will 
accordingly furnish me with an opportunity of ex- 
plaining a variety of interesting ajticles, which I 
flatter myself you would wish lo see elucidated. 

1 begin, then, with a general deecription of the 
earth, which may be considered as a globe, though 
it has been discovered by recent obserratioii that its 
real figure is a spheroid somewhat flattened ; but the 
difference is so small that it may for the present be 
altogether neglected. 

The first thing to be remarked on the globe of the 
earth are two points on its surface denominated the 
two poles of the earth. Round these two points the 
globe of the earth every day revolves, as yon turn 
a ball fixed between the two points of a turning ma* 
chine. This motion is called the daily or diumal 
motion of the earth, each revolution of which is per- 
formed in about twenty-four hours; or, to Hoeak. 
according to appearances, you know that the wnola 
heavens, which we consider as a concave ball, within 
whose circumference the earth revolves, appear to 
turn round the earth in the same space of twenty- 
four hours. This motion is likewise performed 
round two fixed points in the heavens, denominatod 
the poles of heaven ; now if we conceive a straialit 
line drawn from one of these poles of heaven to the 
other, that line will pass through the centre of Um 
earth. 
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But yon will easily comprehend that lh« appear- 
snce must be the aame, whether the earth turns raund 
theae poles while the heavens remain in a state of 
rest; or whether the heatena revolve round thoir 
poles, the earth remaining at rest. On either sup- 
position wo are equally led to the knowledge of the 
poles of the earth, the foundation not only of astron- 
omy, but likewise of geography. 

Let Fig. 100 represent the globe Fig. 100. 
of the earth, whose poles are at 
Ihe points A and B ; one or these 
poles, A, is named the louih or ai 
arctic pole, the other, B, is denom- 
inatedthenorrtororc/ic^o/e. This 
last is nearer to the region of the V / 

glohe which we inhabit. ^Hc"^^ 

I remark that these two poles 
are directly opposite to each other ; in other words, 
were a straight line A B to be drawn directly through 
the earth, it wonld pass precisely through the mid- 
dle C, that is to say, through the centre of the earth. 
This straight line A B has accordingly its afnro- 

Eriate name, and is called rA< ansoftke enrtA, which 
eing produced in both directions to the heavena, 
wiU temunate in the two points which are called the 
poles of heaven; and to which wo give the same 
names as to those of the earth. 

These two polos of the earth are hy no means a 
mere fiction, or a speculation ,of astronomers and 
geographers : but are really most essential points 
marked on the surface of our globe ; for it is well 
known, that the nearer we approach these two paints, 
the colder" and more rugged the face of nature be- 
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comes, to such a degree that the renons adjacent to 
the poles are absolutely iminhabitable, from the ex- 
cesaiTe cold which prevails there during the winter. 
No one instance, accordingly, has been produced of 
any traveller, whether by land or water, who has 
reached either of the poles. It may be affirmed, 
therefore, that these two spots of the earth are alto- 
gether inaccessible. 

HaTing thus detennined the two poles gf the earth 
A and B, we may conceive the whole globe divided 
into two hemispheres, D B E and DAE, each of 
which terminates in one of the poles as its summit. 
For this purpose we are to suppose the globe bisected 
through its centre C, so that the section shsll be 
perpendicular to the axis of the earth ; this section 
will mark on the surface a circle encompassing the 
whole globe, everywhere equally distant from the 
two poles. This surrounding circle is denominated 
the equator. The regions adjacent to it are the 
hottest, and on that account, as the ancients believed, 
almost uninhabitable ; but they are now found to be 
exceedingly populous, though the heat be there 
almost insupportable. 

Bnt as you remove from the equator on either side 
towards die poles, the countries becomes more and 
more temperate, till at last, on approaching too near 
the poles, the cold becomes intolerable. 

As the equator divides the earth into two hemi- 
spheres, each bears the name of the pole contained 
in it ; thus the half D B E, which rnntains the north 
pole, is denominated the northtm kemimiere, and ia 
it is situated all Europe, almost the whole of Asia, 
part of Africa, and the half of America. The other 
Hemisphere, D A E, is from its pole denominated the 
i<mihem hetniiphrre, and contains the greater part 
of Africa, the other half of America, and BeT«nl 
Isles, which geographers attribute to Asia, as yoa 
win recollect to have seen in maps o' the vtotia, 

lUkAuguMl, 17SI. 
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LETTER XLI. 



Hatiico distioctlj flxed the idea of the poles of 
the eafth and of the equator, which you oiuch more 
eanly imagine on a globe than 1 can represent t^ ■ 
figure, ever^ other necessary idea will readily folknr 
from these. 

I must, however, subjoin a further eluotdation <rf 
considerable importance. The axis of the earth, 
passing from one pole to tbe other through the cen- 
tre of the earth, is a diameter of the globe, andcon- 
seqnently is double the length of the radius. A 
radius of the earth, or the distaoce from every point 
on tbe BOrftce to the centre, is computed to be 3956 
Engiiah miles ; the axis of the earth will therefore 
contain 7919 English miles. And the equator being 
a circle whose centre is likewise that of the earth, 
it will have nearly the same radius, namely 39M 
miles; the diameter of the equator wiU accordingly 
be 791S miles, and its whole circumference S3,73f 
miles nearly ; so that if you were to make a tour of 
the ^obs, following the track of the equator, yoo 
most perform a journey of almost e3,736 English 
miles. This will give you some idea of the magni- 
tude of the earth. 

The equator being a circle, it is mtppoaei to be 
dividedinto360equupaits,named^wreM; a degree 
of the eqnator contains, therefore, 05 English miles,* 
as times 380 make nearly IM,19e.t 
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Every degree is again subdivided into 60 eqnal 
parts, called minutes, so that every minute coDtaiiw 
more than an English mile, or 6076 English feet; r. 
tefoTiA, beinfrthe Bixtiethpart of a rainule, will con- 
tain 101 En^iflh Teet. 

It Iwing impossible to represent a 

Slobe on paper any other way than 
jr a circle, you must supply this 
defect by imagination. Accord- 
inftly, A B, Fig. 101, being the two . 
poles of the earth, B the north, and 
A the south, D M N E will repre- 
sent the equator, or rather that half 
of it which is turned towards ua, 
the other beinfr concealed on the oppoaitfl side. 
. The tine D M N E represents, then, a semicircle, 
as wed as B E A and B D A ; all these •emicirclea 
having theqr centres at that of th» gplobe C. It fs 
possible to imagine an infinite number of other semi- 
circlea, all of them drawn throug'h the two poles of 
the earth A and B, and passing through every point 
of the equator, as B M A, B N A ; these will all be 
similar to the first, B D A and B E A, though in the 
figure their form appears very different. Imagina- 
tiou must correct this, and the fact is apparent oa a 
real globe. 

All these semicirdea drawn from one pole to the 
other, through whatever point of the equator they 
may pass, are denominated faeridiam ; or rathet, & 
meridian is notliing else but a semicircle, which on 
the surface of the earth is drawn firom one pole to 
the other ; and you can easily comprehend that iak- 
ing any place whatever on the surface of the earth, 
say the point L, you can always conceive a meridian 
B L M A, which passing through the two poles 
lakes in its way the point L. This meridian, then, 
IS named the meridian of L. Supposing, for ex- 
smple, L to be Berlin, the semicircle Q L M A wonld 
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be the meridian of Berlin ; and the same ma; be 
•aid respecting every other spot of the earth. 

Yon can represent to yoni^elf a globe, on the 
surface of which are described all Uie countries of 
the earth, the continent, as well as the sea, with its 
islands. This artificial globe, denominated the ter- 
rutfici or terraaaeoiu glebt, you must no doubt be 
acquainted witn. As to all meridians which can 
possibly be drawn upon it, azid a great number of 
which actually are traced, I remafk, that each being 
a semicircle is divided by the equator into two equd 

Cts, each of which is the fourth part of a circle, 
t is, an arch of 00 degrees. Accordingly, B D, 
B M, B N, B E, are fourth parts of a circle, as well 
as A D, A H, A N, A E i each therefore contains 
DO degrees : and it may be further added, -that eacb 
is perpendicular to the equator, or forms right angles 
with it 

Again, were a person to trsTel from the point of 
the equator M to the pole B, the shortcBt road would 
be to pursue the track of the meridian MLB, which 
being an arch of 90 degrees, will contain 0214 Bug. 
Udi mUes ; the distance to be passed in going from 
tlw equator to either of the poles. 
Tod will recollect that the shortest road from 
!e to p^ce is the straight line drawn throngh any 
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1 the equator to the pole B would f^ 
wiUnu the earth — a route which it is impossiUe to 
porsne, for we are so attached to the snrtace of the 
earth that we cannot rerooTS from it. For this rea- 
son, the question becomes exceedingly different 
when it is asked, What is the shortest road kading 
from one apot on the sorface of a globe to another! 
Tlids shortest road is no longer a straight line, but 
the s^ment of a circle, described from one point of 
the surface to another, and whose centre is precisely 
that of the globe itself. This is accordingly In per- 
Csct harmony wit^ the case in qoestion; for t« 
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travel from the ppint M in the equator to the pole 
B, the arch of Rie. meridian MLB, which I bare, 
lepresonted as the shortest road, i» in reaUty a seif- 
mont of tlie circle whose centre is preciBcly that aC. 
the earth. 

Id like manner, if we consider the spot L situated 
in the meridian B L M A, the shortest road to go 
thence to the pole B will be the arcii LB; and if we 
knoiv the number of decrees which this arch con- 
tains, allowing- 69 English miles to a def^^e, we 
shall ha.ve the length of the road. But if you were 
I disposed to travel from the same spot to the equator 
by the shortest track, it would be necessary to pur- 
sue the track of the arch of the meridian L M, the 
number of degrees contained in which, rockoilir^ 
69 English miles to a degree, would give the 
distance. 

We must be satisfied with expressing these dis- 
tances in degrees, it being so easy to reduce them 
to English miles, or the miles of any other natioa. 
Taking, then, the city of Berlin for the spot L, we 
find that the arch L M. which leads to the equator, 
contains G3 degrees and a half; consequently, to 
travel from Berlin to the equator, the shortest road 
is 3633 English miles. But if any one were to ao 
from Berlin to the north pole, he must follow the 
direction of the arch B L, which, containing 37 de- 
grees and a half, would be 3591 English miles. 
These two distances added give 6SU English miles 
for the extent of the arch B L M, which is the fourth 

E art of a circle, or 90 degrees, which contain, aa we 
ave seen, 24,B5d Englitih mileB. 

asd Augiat, noi. 
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Fig. 102. 




I BisiN once more with the same 
figure {Fig. lOS), which must by 
tjus time be abundantly familiar to 
you,, The whole circle represents 
the dobe of the earth ; the points A jtL 
and B its two-poles ; B the north or 
^tlc, and A the south or antarctic ; 
BO that the straight line B A drawn 
within the etirthand paMin^ through 
its oentre C, is the axis of it. A^in. 
equator, which divides it into two hcmi . 
the northern, and DAE the southern. 

Let us now take any spot whatever, say L, and 
draw its meridian B L M A, which, being a semicir- 
cle, pauses through the point L, and the two poles 
B and A. This then is the meridian of the place L, 
divided by the equator at M into two equal parts, 
maidng two-fourths of a circle, each of which con- 
tains 00 degrees. I remark farther, that the arch 
L M of this meridian gives us the distance of the 
place L from the equator, and that the arch L B 
expresaea the distance of the same place L from the 
poleB. 

This being laid down, it is of importance to ob- 
serve that the arch L M, or the distance of L from 
the equator, is denominated lAe latitude of thr place 



place, which is intercepted between ths equator and 
the given place; in other words, the latitude of a 
place is the distance of that place from the equator; 
expressing such distance by degrees, the quantity of 
which we perfectly know as each degree contain* 
69 English miles. 
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You will readilv comprehend that this distancQ 
most be dialingi^uied according as the gireD place 
is in the northeni or southern hemisphere. In the 
fotTAM cue, that is, if the given [dace ia in the 
northern hemisphere, we say it has north latitude; 
but if it ia in the southern hemisphere, we say it is 
in south UUiltide. 

Taking Berlin as an instance, we say it is in &S 
degrees and 33 minutes of north latitude ; the Isti- 
tale of Magdeburg is, in like maaner, northern, 53 
degrees and 8 minutes. But the latitude of Batavia 
in the East Indies ia degrees IS minutes south ; 
and that of the C^>e of Good Hope, in Africa, is 
likewise south 33 degrees 6b minutes. 

1 remark, by-the way, that for the dake of a)ibr»- 
nation, instead of the word degree we aflii a small 
cii^r (") to the numeral characters, and instead 
of the word ninule a small slantins bar ('), and in- 
stead of second two of these <") ; thus the latitode 
of the observatory at Paris is 48° 50' 14 " N., that ia, 
48 degrees, 50 minutes, and II seconds north. In 
Peru there is a place named Vlo, whose latitude has 
been found to be 17° 38' 15" S., that is, IT degrees, 
30 minutes, and 15 seconds south. Hence you will 
understand, that if a place were mentioned wbos* 
latitude was 0° (y 0", suchaplace would be precisely 
under the etguator, as its distance from the equator 
is 0, or nothing ; and in this case it Is unnecessary 
to affix the letter N or S. But were it possible to 
reach a place whose latitude was 90° N., it would be 
precisely the north pole of the earth, which is dis- 
tant from the equator the fourth of a circle, or 90 
degrees. This will give you a clear Idea of what is 
meant by the latitude of a place, and why it is ex- 
pressed by degrees, minutes, and seconds. 

It ia highly important to know the latitude of 
every place, not only as essential to geography, in 
the view of assigning to each its exact situation on 
geogtapbicui charts, but likewise because. <» the 




latitude depend the seuons of the year, the iaequali- 
ties of day and night, and consequently the temper- 
ature of the place. As to places situated directly 
under the equator, there is scarcely any perceptible 
TBriation of the seasons ; and through the whole 
year the davs and nights are of the same length, 
namely, 12 hours. For this reason the equator is 
likewise denominated the equinoctial line; but in 
proportion aa you remove Trom the equator, the more 
remarkable is the difference in Uie seasons of the 
year, and the more likewise the days exceed the 
nights in summer; whereas, reciproculiy, the days 
in winter are as much shorter Uian the nights. 

You know that the longest days, in these northem 
latitudes, are towards the commencement of our sum- 
mer, about the 2lst of June ; the nights, of conse- 
quence, are then the shortcut : and that towards the 
beginning of our winter, about the 23d of December, 
the days are shortest and the nights longest : so that 
everywhere the longest day is equal to the longest 
night. Now in every place the duration of the 
longest day depends on the latitude of the place. 
Here, at Berlin, the longest day is 16 hoars gind 88 
minutes, and consequently the shortest day in winter 
is 7 hours 23 minutes. In places nearer the equator, 
or whose latitude is less than that of Berlin, wliich is 
S3° 33', the longest day in summer is less than 16 
hours 38 minutes, and in winter the shortest day ia 
more than T hours 33 minutes. The contrary of 
this takes place on removing farther from the equa- 
tor: at Petersburg, for example, whose latitude is 
59° 56', the longest day is 18 hours 30 minutes, 
and consequently the night is then only 5 hours 30 
minutes: iti winter, on the coulraiy, the longest 
night is 18 hours 30 minutes, and then the day is 
onlyS hours 30 minutes. Were you to remove still 
farther from the equator, till you came to a place 
whose latitude was 06° 30', the longest day there 
would be exactly 84 hours, in other woida, the tm 
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would not set at that place at that season ; whereaa 
in winter the contrary takes place, the sun not rising 
at all on the S3d of December, that is, the night 
then lasting 9* hours. Now at places still mora 
remote from the equator, and consequently nearer 
the pole, for example, at Warthnys, in Swedish Lap- 
land, this longest day lasts for the space of several 
days together, daring which the sun absolutely never 
Bets ; and the longest night, when the sun never rises 
at all, is of the same duration. 

Were it possible to reacti the pole itself, we should 
have day for six: months together, and during the 
other six perpetual night. From this you compre- 
hend of what importance it is to know accurately the 
latitude of every spot of the globe. 

aid Avgu»t, 1761. . 



Fig. 103. 



LBTTF.R XLUI. 
O/* ParalUh, of the First Meridian, and of Longitude. 

Hattho informed you, that in order to find the 
meridian of any given place L, it is necessary to 
draw on the surface of the 
earth a semicircle hS I, M A, 
paasine: through the two 
poles B and A, and through 
the given placeL; Iremarii, 
Fig. 103, that there is an 
infinite number of other 
places through which this 
same meridian passes, and 
which are consequently all 
said to be situated under 
the same meridian, whether 
in the northern hemisphere, between B and M or in 
the southern, between M and A. 

Now, all the places situated under the same me- 
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ridiau differ as to latitude, some being nearer to, or 
more remote from, the equator tban others. Thus, 
the meridian of Berlin passes througli tlie city of 
Meisse, and nearly tlirou^h the port of Trieste, as 
well as many other places of less note. 

You vill likewise please to observe, that a great 
many places may have the same latitude, that is, 
may be equally distant from the equator, but all of 
them situated under different meridians. In fact, if 
Listhecity of Berlin, whost^ latitude, or the archLM, 
contains 52° 38', it is possible that there'should be 
under any other meridian D N A, a place I, the lati- 
tude of which, or the arch I N, shall likewise be 
63° 22' ; such ure the pomts P and G, taken in the 
meridians B D A, B E A. And ab a meridian may be 
drawn through every point of the equator, in which 
there shalfbe a place whose latitude is the same with 
that of Berlin, or the place L, we shall have an in- 
finite number of places all of the surae latitude.. 
They will be all situated in the circle F L I G, all the 
points of which being equally distant from the equa- 
tor, it is denominated a parallel circle 1o the equator, 
or simply a parallel. A. parallel on the globe, then, , 
is Dothmg else hut a circle parallel to the equator, 
that is, aU the points of which are equidistant from 
iti hence it is evident that all the points of a parallel 
are likewise equidistant from the poles of the earth. 

As it is possible to draw such a parallel through 
every place on the globe, we can conceive an inflmte 
number of them, aU differine in respect of latitude, 
each having a latitude, whether north or south, pe- 
cuUar to itself. * ' 

You must likewise be abundantly sensible, ttiat the 
greater the latitude is, or the nearer you approach to 
either of the poles, the smaller the parailets become ; 
till at last, on coming to the very poles, where the 
latitude is 90°, the parallel is reduced to a aingle 
point. But, on the contrary, as you approach Um 
equator, or the smaller the latitude ia, the greater 
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axe the parallels; till at laet, when the latitoja 
becomes 0, or nothing, the parallel is lost in the 
equator. It is Hccordingly by the latitude that we 
distinguiab tbem ; thus, the parallel of 30° is that 
which passes thtouj{h every place whose latitnde is 
30 degrees ; but il is necessary to explain yourseir, 
according as you mean north or south latitude. 

On consulting an accurate map, you will observe 
that Hanover is situated under the same parallel 
with Berlin, the latitude of both being 53° 3Z' ; and 
that the cities or Brunswick and Amsterdam fall 
nearly nnder the same parallel; but that the me- 
ridians passing through these places are different. If 
you know the meridian and the parallel under which 
any place is situated, you are enabled to ascertain ila 
actual position on the globe. If it were affirmed, for 
example, that a certain place is situated under the 
.meridian B N A, and the parallel F L G, you would 
.Qiily have to look where the meridian B N A is inter- 
sected by the parallel F L G, and the point of inter- 
section I, will give the true position of the given 
pUce. 

Sucli are the means employed by geographers to 
detenniiia the real situation of every place on the 
face of the globe. You have only to ascertain ita 
parallel, or the latitude, and ita corresponding me- 
ridian. As to the parallel, it is easy to mark and 
^etinguish it from every otber ; you have only to 
indicate the latitude or distance from the equator, 
according as it is north or south: but how describe 
a meridian, and distinguish it from every other 1 
- iniey have a perfect resemblance, they are all equal 
to each other, and no one has a special and distinctive 
mark. It depends therefore upon ourselves to make 
choice of a certain meridian, and to (br it, in order 
to refer all others to that one. If, for example, in 
Fig. 103, (f. 140), referred to at the beginning, we 
were to tix on the meridian B D A, it would be easy 
toiiidiGate«veryoUiermeridian,BayBMA,byaimply 
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ascertaining on the equator the arch D M, contained 
between the fixed meridian BDA and the one in 
question DMA, adding only in what direction vou 
proceed from the fixed meridian towards the otna^, 
whether froni east to west, or west to east. 

This fixed meridian, to which every /ither is r^. 
fened, is called the first tnendian ; and the choice 
of this meridian lieing arbitrary, you will not think 
it strange that difTerent nations should hav« made a 
diffeient choice. The French have fixed on the jsle 
of Ferro, one of the Canaries, for this purpo^, ai)d 
draw their first meridian through it. The Germans 
and Dutch draw theirs through another of the Capar; 
islands, called TetierilTe. But whether you follow 
the French or German geographers, it ia always 
necessary carefully to mark on the equator the point 
through which the first meridian passes; from this 
point you afterward reckon by degrees the doints ' 
through which all other meridians pass ; and both 
French and Germans have agreed to reckon from - 

If, therefore, in Fig. 103, {;>. 146). to rfhickl have ■ 
already referred, the semicircle BDA be. the first 
meridian, and the points of the equator M aniiN were 
situated towards the east, you have only, in order to 
mark any other meridian, say B M A, to indicate the 
magnitude of the arch D M ; and this arch is what 
we call the longitude of all the places situated under 
the meridian BMA. In tike manner, all the ptatee 
situatedunder the meridian BNAliavctheirlongitqdA 
determined by the arch of the equator D N, expressM 
in degrees, minutes, and seconds. 

39M Atiguit, 1761. 
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LETTER XLIV. 

Choice of the Pint Meridian. 

Yov ba»e now received complete information 

Kspecting- what is denominated the latitude and the 

loJt^tude of & place oa the surfHce of the globe. 

Latitude is computed on the meridian of the gi*ea 

dace, tip to the i-quator ; in other words, it is the 

orstance of the pai^lel passing through that place 

from the equator ; and to prevent all anibi^ity,it U 

necessary to express whether tliis latitude or distance 

is north or south. 

As to lon^tnde, we must determine the distance 

' of the meridian ot the given place from the &nX me- 

ridiaii; and this distance w computed on the equator, 

brtra the first meridian to the meridian of the given 

' . ^ace, always proceeding from west to east; in other 

wordf^, lonmiude is the distance of lh« meridian of 

■ the given place from the first computing the degrees 

on the 'equator, as I have just now said. 

We always compute, then, from the first meridian 
eastward ; and it is evident, that when we have com- 
puted' up to 360 degrees, we are brought bacic pre- 
cisely to th6 first meridian, as 360 degrees complete 
th'j ctrcmnference of the equator. Accordingly, 
were any particular place found to be in the 3S9t)i 
cjfgree of longitude, the meridian of that place would 
be only one degree distant from the first meridian, 
but towards the west. In like manner, 350° of loo- 
giiui le would exactly correspond with a distance of 
10° 1 westward, I'or this reason, in order to avoid 
all an ibiguity in determining longitude, we go on to 
Uckoi t up to 300° towards the east. 

Vati -will no doubt have the curiosity to know 
y^hy get ^[raphcrs, in settling the first meridian, have 
tgreed t o 6x on one of the Canary Islands. I beg 
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leave to reply, that the intention waa to begin with 
settling (he limitB of Europe towards the west; and 
aa theae islands, called the Canaries, and situated in 
the Atlantic Ocean, beyond Spain, towards AmericL 
were still considered as part of Europe, it w^s 
thought proper to draw the tirat meridia^n througlj . 



r Europe, 4ut 
rom wnenc^ 
going on to reckon towards the east, we arrive at 
America, and thence return at length to the first, 
meridian. 

But to which of the Canary Isles shall we give 
the preference! Certain ijeographers of France 
made choice of the isle of Ferro, and the Germans- 
that of TeneritTe, because the real sihiatiott of theae 
islea was not then sufficiently ascertained, and k was - 
not perhaps known which of them was the raoati 
remote ; besides, the German georraphets imagined 
that the mountain named the Peak of TeneriQ^ was 
pointed out, as it were, by the hand of Nature for * 
the first meridian. * 

Be this as it may, it seems rather ridiculous to 
draw the first meridian through a place whose real 
position on the globe is not perfectly determined ; 
for it was not till ver^ lately that the situation o! the 
Canaries was ascertamed. For this reason the>most 
accurate astronomers fix the first meridian prtcisely 
SO degrees distant from that of the observatory at 
Paris, without regarding through what spot the first 
may in that case pass ; and it is undoubtedly the 
surest method that can be adopted ; and in order to 
determine every other mendian, the siniplest way is 
to find out its distance from that of Paris ; then, if 
that other meridian is more to the east, you have 
only to add to it 30 degrees, in order to hive 'the 
longitude of the places situated under it ; bat if this 
meridian be westward to that of Paris, you must 




eubtract the distance from 30 degrees. Finally, if 
this distance towards the west is more than SO de- 
grees, you subtract it from 3S0 degrees, that is, from 
^0 degrees above 360, in order to have the longitude 
of the meridian. 

Thus, the^ meridian of Berlin beine to the eastward 
uf the meridian of Paris 11° 8', the longitude of 
Berlin will be 31° 2' ; and this is liltewlse the longi- 
tinie of all other places situated under the sam« 
meridian with Berlin. 

In like manner, the meridian of Petersburg being 
38° more to the east than that of Paris, the longi- 
. tude o( Petersburg will be 48°. 

The meridian of St. James's, London, is more to 
the west than that of Paris by 2° 25" 15" ; subtracU 
ing, therefore, that quantity from 30°, the remainder, 
17° 3*' '45 ', gives the longitude of St. James's, . 
London. 



thatqf Paris; that distance must be subtracted from 
380 degrees ; which will leave a remainder of 310° 
39' 15",4he longitude of Lima.* 

Now, when the latitude and longitude of a [dace 
are known, we are enabled to ascertain its.true po- 
eitiOQ on the terrestrial globe, or on a map ; for as 
the latitude marks the parallel under which the 
place- is situated, and the meridian gives the me- 
ridian of the same place, the point where the parallel 
intersects the meridian will be exactly the place in 
question. 

You have but to look at a map, that of Europe, 
for example, and you will see tne degrees of ue 

Krallals marked on both sides, or their distances 
im the equator ; above and below are the degree* 

• TtitimMlwd oT Twhnlai tbg IsnglRido It now nUnltiliuidaDgl. 
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of longilDde, or the distances of tbe several me- 
ridians from the first. 

The parallels and meridians are usaallv traced on 
maps, aeg;Tee by degree, sometimes at the distance 
of five degrees from each Other, In moHi maps the 
meridians are drawn up and down, and the paraUels 
from left to right : the upper part is directed towards 
the north, the under to the south, the right-hand 
aide towards the east, and the left-hand side towards 
the west. 

It is likewise to be remarked, that as all the me- 
ridians n;ieet at tbe two poles, the more any two me- 
ridians approach to either of the poles the smaller * 
their distance becomes ; at the equator their distance 
always is greatest. Accordingly on all good maps,.-. 
where the meridians are traced, you will observe 
that they gradually approximate towards the top, 
that is, the north; and their distances increase as yon 
proceed towards the equator. This is all that seems 
to be requisite for the understanding of geographical 
charts by means of which an attempt is made to 
represent the surface, or part of the surface, of the 

Bat my principal object was to demonstrate how 
the real position of every spot on ihe globe is deter- 
mined by its latitude ana longitude. 

■ ~ ■ -, 1761. 



LETTER XLV. 



It being a matter of such importance to know tlw 
latitude and longitude of every place, in order to 
ascertaia exactly the spot of uie globe where yoa 
are, you must be sensible that it is equally important 
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to discover the means of certainly arriving at SQch 
knowledge. 

Nothing can be more interesting to a man who 
has been long at sea, or after a tedious jouroej 
through unknown regions, than to be informed at 
what precise spot he is arrived ; whether or not he 
is near some known country, and what course he 
ought to puraue in order to reach it. The only 
means of reheving such a person from his anxiety 
would undoubtedly be to give him the latitude and 
longitude of the place where he is; but what must 
he do to attain this most important information 1 
Let us suppose him on the ocean, or in a vast desert, 
where there is no one whom he can consult. Af^i 
t having ascertained, by the help of a terrestrial globe, 
or of ma[w, the latitude and iongilude of the place 
where he is, he will with ease from them determine 
his present position, and be furnished with the neces- 
sary information respecting his future progress. 

I proceed therefore to inform you that it is by 
astronomy chiefly we are enabled to determine the 
latitude and longitude of the place where we are ; 
and that I may not lire you by a tedious detail of all 
the methods which astronomers have employed for 
this important purpose, I shall satisfy myself with 
presentmg a general idea of them, trusting that this 
will be sufficient to convey to you the knowledge 
of the principles on which every method is founded. 

1 begin with the latitude, which is involved in 
scarcely an^ difficulty ; whereas the determination 
of the longitude se^ms hitherto to have defied all 
human research, especially at sea, where the utmost 

t Precision is requisite. For the discovery of this 
^t, accordingly, very considerable prizes have been 
proposed, as an encouragement to the learned to 
direct their talents and their industry towards a dis- 
cover BO interesting, both from its own importance 
and from the honour and emolument which an to 
be the fruit of it 
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I retwn to the latitude, and the means of ascer- 
taining it, referring to some future opportunity a 
more ample discussion of the longitude, and of the 
different methods of discovering it, especially at sea. 

Let the points B and A, Fig. jcvir. ini 

104, be the poles of the earth ; 
B A its axis, and B its centre ; 
let the semicircle B D A repre- 
sent a meridian, intersected by 
the equator at the point D; 
and B D, A D, will be each the 
quadrant of a circle, or au arch 
of 90 degrees ; the straight 
line D will therefore be a ra- 
dius of the equator, and D £ 
its diameter. 

Let there now be assumed in 
this meridian B D A the point 
L, the given place of which the latitude is required; 
or, in other words, the number of de^es contained 
in the arch L D, which measures the distance of the 
point L from the equator ; or again, drawing the 
radiira C L, as the arch L D measures the angle 




Now, it being impossible to place ourselves at the 
centre of the earth, from which we could take the 
measure of that angle, we must have recourse to the 
heavens. There the prolongation of the axis of the 
earth A B terminates in the north pole ofthe heavens 
P, which we are to consider as at an immense dis- 
tance from the earth. Let the radius C L likewise 
be carried forward till it terminate in the heavens at 



the point Z, which is called the zemth of the place ; 
theu, drawing through the point L the straight line 
S T, perpendicular to the radius C L, you will recol- 



lect that this line S T is a tangent of the circle, and 
that consequently it will be horizontal to the place 
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L ; our horinm always touching the Barface of tbe 
earth at the place where we are. 

Lei us now look from L towards the pole of the 
heaTens P, which being infinitely distant, the straight 
line L Q directed to it will be parallel lo the hne 
A B P, that is, to the axis of the earOi : this pole of 
the heavens will appear, therefore, between the ze- 
nith and the horizon L T ; and tlie angle T L Q, in- 
dicated by the letler m, will show how much tbe 
straigbt line L Q, in the direction of the pole, is ele- 
vated above ihe horizon ; hence this angle m is de- 
nominated the elei-alion of the pole. 

You have undoubtedly heard frequent mention 
made of the elevation of the pole, or,Ba some call it, 
the height of the pole ; which is nothinfi' else but the 
angle formed by the straight line L Q in the direc- 
tion of the pole and the honzon of the place where 
we are. You have a perfect comprehension of the 
possibility of measuring this angle rn, by means of 
an astronomical instrument, without my going into 
anv further detail. 

Having measured this an^lem, or the height of the 
pole, it will pve yon precisely the latitude of the 
place L, that Is, the angle y. To make this appear, 
it is only necessary to demonstrate that the two an- 
gles m and y arc equal. 

Now the lino L Q being parallel to C P, the angles 
m and n are alternate, and consequently equal. Ajid 
the line L T being perpendicular to the radius C L, 
the angle C LT of the triangle CLT must be aright 
angle, and the other two angles of that trian^e, n 
and J, must be together equal to a right angle. But 
the arch B D bein^ the quadrant of a circle, the angle 
BCD must likewise be a right angle ; .the two angics 
X and y, therefore, are together equal to the two 
angles n and x. Take away the angle x from both, 
and there will remain the angle y equal to the angle 
n; but the angle n has been proved equal to Vbt 
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BU^e m, therefore the angle y is likewiee eqnal to 
the an^Ie m. 

It baa already been remarked that the angle y ex- 
presses the latitude of the place L, and the angle m 
the elemtion or height of the pole at the same place 
h; the latitude of any place, therefore, is always 
equal to the heii^ht of the pole at that same place. 
The means which astronomy supplies for observing. 
the height of the pole indicate therefore the laliluda 
required. 

Astronomical observations made at Berlin have 
accordingly informed us that there the height of the 
pole is 52° Sa", and hence we conclude that the lati- 
tude of that city is bkewiae 6S° 33'. 

This is one very remarkable instance to demon- 
strate how the heavens may assist ua in the attain- 
ment of the knowledge of objects which relate only 
to the earth. 

6th September, 1781.' 



LETTER XLVI. 



I now proceed to the longitude ; and remark that, 
on taking a departure, whether by land or water, 
from a known place, it would be easy to ascertain 
the spot we had reached, did we know exactly the 
length of the road, and the direction which we pur- 
sued. This might, in such a case, be effected even 
without the aid of astronomv; and this obliges me 
to enter into a more particular detail on the subject. 

We measure the length bS a road by feet; we 
know how many feet go to a mile, and how many 
miles go to an arch of one degree upon the globe: 
thus we are enabled lo express in degrees the dis< 
tance we have travelled 

Vol. II. -O 
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Ab to the route or direction in which we tnrel, it 
is necessary accurately to know the poBition of the 
meridian at eveiy place where we are. As the me- 
ridian proceeds in one direction towards the north 
pole, and in the other towards the south, you have 
only to draw, on the horizon of the epot where yon 
are, a straight line from Dorth to south, which is 
called the meridian line of that place. All p0B6ibl« 
care must be taken to trace this meridian Une very 
accurately, and here the heavens must again perform 
the office of a guide. 
Vou know it is midday when the sun is at his 
, pealest elevation above the horizon ; or, which is 
the same thing, the direction of the sun is then ex- 
actly south, and the shadow of a stalT fixed perpen- 
dicularly on a horizontal plane will fall, at that in- 
stant, precisely northward. Hence it is easy to com- 
prehend how an observation of the sun may furnish 

us with the means of accurately tracing a meridiaa 

line, wherever we may be. 
Having traced a meridian, every other direction is 

very easily determined. 
Let the straight line N S, 

i^. 106, be the meridian, 

one of the extremities N 

beins directed towards the 

north, and the other S to- t 

wards the south. With this/ 

meridian let there be drawn . 

at riglit angles the straight I 

line E W, whose extremity V 

E shall be directed towards 

the east, and the other 

tremityWtowards the west. 

Having divided the circle 

into sixteen equal parts, we shall have so many dijfer- 

ent directions, denominated according to the letters 

_Bi_„j...L —j: Teofnot pursuing a direc- 

'-■•--='•- leofthe 



Fig. 106. 





KMOWLIDGE OV THE LONorrODB. 139 

sixteen, the angle must be marked which that de- 
viating line of direction makeB with the meridian 
N S, or with E W, which is perpendicular to it. 

It ia thua we are enabled to determine exactly the 
direction which we pursue in travelling; and so_ 
long 38 we are asmired of the length of the way, and 
of the direction pursued, it will be very easy to as- 
certain the true place at which we have arrived, and 
to indicate both its longitude and latitude. We em- 
ploy for this purpoee an accurate map, which con- 
tains the point oi departure, and that which we have 
reached ; and by means of the scale, which gives the 
quantity of miles or leagues that go to a degree, it is 
easy to trace, on such map, the track pursued and 
completed. 

Fig. 106 represents a map, on which are marked 

from left to right the degrees of longitude, and those 

Fig. 106. 
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on the globe. 

This map containa part of the surface of the eartli, 
from the &3d degree of north latitude to the 6Qth de- 
gree; und from the I3th degree of longitude. to the 

sath. 

Suppose, then, I take my departure from the place 
L, the longitude of which is 16°, and the latitude 
57° 20', and that I proceed in the direction E S B, 
and have travelled a apace of 345 Eagiiah miles, la 
order to determine the longitude nod latitude of the 
place 1 have reached, I draw from the place L the 
straight lineL M, making with the meridian anangle 
of 67° 30', the same angle which the direction C S E 
in the preceding ligure makes with N S. Then on 
that line I take, according to Ihe scale marked on 
the chart, L M equal to 345 English miles, und the 
point M shall be the place which I have reached. 

I have then only to compare thia place with the 
meridians and parallels traced on the map, and I find 
that its longitude is 34° nearly; and ou measuring 
more eiactLy the part of the ciegree to be added to 
the S4th degree, I find the longitude of the point M 
to be 34° 4'. As to the latitude, I obaerve it to be 
between the 55th and 56th degree, and by an easy 
computation I find it to be 55° 35' ; so that the lati- 
tude of the place M, which I have reached, ia 55° 
35', and its longitude 34° 4'. 

It has here been supposed that 1 have invariably 
pursued the same direction, E SE, from first to last; 
but if I have from time to time deviated from th^ 
direction, 1 have only to perform the same opera- 
tion on each deviation, to find the place where I then 
waa : from thia I take a fresh departure, and trace 
my direction till another deviation takes place ; and 
so on, till I reach my object. By these means it is 
always in my power, whether traveUing by sea t>r 
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land, to ascertaintheplacelhave reached; provided 
I know exactly, Ihrough my whole progresB, the 
direction I punue, and measure with equal accuracy 
the length of the iray. 

We might in this case dispense even with the as- 
sistance of astronomy, unless we had occasion for it 
accurately to determine out direction, or the angle 
which it makes with the meridian ; but the magnetic 
needle or compass may, in many cases, supply this 
want. 

You must be sensible, however, that ii is possible 
to make a very considerable mistake, both in the 
computation of the direction and of the lenjrth of the 
way, especially in very long voyages. How ollen 
is it necessary to change the direction in travelling 
even from hence to Magdeburg ! and how is it possi- 
ble to measure exactly the length of the way ! But 
when we travel hy land we are not reduced to this 
expedient; for we are enabled to measure by geo- 
metrical experiments the distance ofplaces, andthe 
angles which the distances make witli the meridian 
•f every place ; and thus we can determine, with 
tolerable accuracy, the true situation of all [daces. 

8M SejiUmltr, 1761. 



LETTER XLVII. 

DefecU of iku Method. 

A METHOD of observing the direction pursued ant - 
the length of the course, seems to be of singular 
utility in sea voyages, because there we are not 
under the necessity of deviating from the direction 
every moment, as in travelling by land ; for with the 
same wind we can proceed in the same direction. 

Pilots are accordingly very attentive in exactly 

db>erving the course of the vessel, and in measuring 

tlw progteM ihe has made. TImt keep aa acctml* 

09 




183 KKOWLRDOE OF TH8 LOKaiTODE. 

Journal of all these observations at the cloae of ereiy 
day, nay Btill more frequently ; they trace on their 
■ea-charte the progress they have made, and thus 
are enabled to mark on the charts, for every period 
of time, the point where they are, and of which they 
consequently know the latitude and longitude. Ac- 
cordingly, BO long ae the course is regular, and the 
vessel IS not agitated by a tempest, good pilots are 
seldom mistaken ;' but when they are in doubt, they 
have recourse lo astronomical observations, from 
which they discover the elevation of the pole; and 
this being always equal to the latitude of the place 
where they are, they compare it with that which 
they have marked on the chart, conformably to the 
computation of their progress. If these are found to 
coincide, their computation is just ; if they discover 
a difTorence, they conclude with certainty that some 
error has been committed in the computation of the 
distance and of the course : in that case they re-ex- 
amine both the one and the other more carefully, 
and endeavour lo apply, the necessary corrections, 
in order to make the computation agree with the 
observation of the height of the pole, or of the lati- 
tude, which is equal to it. 

This precaution may be sufficient in short voyages, 
aa the errors committed can in these be of no n-eat 
importance ; but in very long vbyages, these Aight 
mist^es may accumulate to such a degree that at 
last a very gross mistake may be committed, and 
tl^ place where the vessel actually is may differ 
• oVttBiderably from^what it was supposed to be on 
the chart. 

I have hitherto gone on the supposition that the 
voyage proceeded quietly j but should a storm ariae, 
during which the vessel^s subjected to the .Tudeat 
concussions of wind and waves, it is evident th«t 
the computation of distance and course is entirely 
denngeo, and that it is impossible to trace on tus 
tiuit the prog^sa she baa made. 
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totally uDc«rtain at what point of the parallel she 
actually was. 

It is necesBary therefore to diEcover likewise the 
longitude of the place, which shows us the meridian 
under which it is situated ; and then the intersection 
or that meridian with the parallel found will give 
the vessel's true place. This will make you sensi- 
ble of what importance it^is to assist mariners in 
4]iscoveringlikewise the longitude of the place where 
th^ are. 

This necessity is imposed not only from tlie con- 
sideration of the tempests to whicti navi^raiion is 
liable ; for it ia possible, supposing the voyage to 



e suppose the sea to be at rest, it might be pos- 
sible to invent various methods of ascertaining wlih 
tolerable exactness the way which the vessel has 
jnade; but ihere are rapid currents in many places 
of the ocean, which have the resemblance of a river 
running in a certain directioif. Thus it is observed 
that the Atlantic Ocean has a perpetual current 
into the Mediterranean Sea, through the Straits of 
Gibraltar : and that the ocean between Africa and 
America haa a very considerable current from east 
to west, so that a voyage to America is,perfonned"_ 
in much less time than a voyage frotn America to* 
Europe. 

Were such currents constant and well known, we 
should have considerable assistance towards form- 
ing our calculations; but it has been observed that 
they are sometimes more, sometimes less rapid, and 
that they frequently change their direction ; which 
deranges the calculations of the most skilful navi- 
gator to such a degree that it ia no longer saf« to 
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trust them. We have but too many fatal ii 
of ships dashed on concealed rocks and lost, becnnse 
Uiese were computed to be still at a considerable 
distance. It was afterward discovered, when too 
late, that these calamities had been occasioned In' 
the currents of the ocean, which deranged the cal- 
culations of navigators. 

In fact, when the ocean has a current which makes 
it flow like a river, foUowin? a certain direction, 
vessels caught in it are carried away imperceptibly. 
In a river we clearly perceive that the current is 
carrying us along, by observing the banks or the 
bottom; but at sea no land is visible, and the depth 
is too RTeat to admit of our making any observation 
from tne bottom. At sea, then, it is impossible 
to discern th^ currents ; and hence so many dread- 
ful mistakes respecting both course and distance. 
Whether, therefore, we take tempests into the ac- 
count or not, we are always under the necessity of 
falling on other methods of ascertaining the lonn- 
tude of the places where we may arrive ; and of tne 
various methods hitherto employed for acqmring 
this knowledge of the longitude I now proceed to 
inform you. 

I2th September, 1761. 



LETTER XLVni, 

< Stcond Method of Jelerminitie the Longitude, 6y mean 
of an exact Timepiece. 

A viBT sure method of finding the longitude would 
be a clock, watch, or pendulum, so perfect, that is 
to say, which should always go so equally and ao 
exactly, that no concussion should be able to aflect 
its motion. 

Supposing such a timepiece constmcted, let m 
soe in what manner, by means of it, we ahould to 
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enabled to solve the problem of the lon^tude. We 
must return, for this purpose, to the consideration 
of meridiana, which we are to conceive to be drawn 
through every place on the surface of the globe. 

You know that the sun seems to deacribe every 
day a circle round the earth, and that, of conse- 
quence, he passes successively over all the meridians 
in the apace of twenty-four hours. 

Now, the sun is said to pass aver or thrmigh a 
given meridian, if a straight line drawn from the sun 
to the centre of the earth C, Fig. 107, p. .„ 
pass precisely through that meridian. ° ' „ 
If, therefore, in the present case the 
line drawn from the sun to the centre of 
the earth pass through the meridian ' 
B L M A, we would say that the sun 
was in that meridian, and then it would 
be midday to all the places situated 
under this meridian ; but under every other it would 
not he midday at that precise instant ; it would 
there be before noon or after it everywhere else. 

If the meridian B N A is situated to the east- 
ward of the meridian B M A, the eun, in making his 
circuit from east to west, must pass over the meri- 
dian B N A before he reaches the meridian B M A ; 
conaequenlly it will be midday under the meridian 
B N A earlier than under the meridian B H A ; 
when, therefore, it shall be midday under this last 
meridian, midday under every other meridian to the 
eastward will be already past, or it will bo afternoon 
with them. On the contrary, it will be still fore- 
noon under every meridian, say B D A, situated to 
the westward, as the sun cannot reach it till he has 
passed over the'meridian B M A. 

And as the motion of the sun is reaular and nni- 
fbrm, and he completes his circuit of the globe, that 
a 360 degrees, in twenty-four hours, he must eveiy 
hour describe an arch of U degrees. When, there- 
fore, it is noon at Berlin, and at everir other place 
situated under the same meridian, noon will be 
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alreadypastundermeridiana situated to the eastward; 
and more particularly still under the meridian situ- 
ated 15 degrees to the eastward or that of Berlin, it 
will already be one o'clock ; under the meridian 30 
degrees eastward, two o'clock ; mider that of 45 de- 
gree*, three o'clock afternoon, and so on. The con- 
trary wilt take place under meridians situated to the 
westward of that of Berlin ; when It is noon there, it 
;will be only eleven o'clock forenoon under the me- 
ridian 15 degrees to the westward, ten o'clock under 
the meridian of 30, nine o'clock under the meridian 
of 45 degrees westward, and so on; a difference of 

15 degrees between two meridians always amounting 
to an hour of time. 

To elucidate still more clearly what baa now been 
remarked, let us compare the two cities Berlin and 
Paris. As the meridian of Berlin is 11° IT 15" to 
the eastward of that of Paris, reckoning an hour to 

16 degrees, this difference of 11° iT 15" will give 44 
minutes and 39 seconds of time, or three-quarters 
of an hour nearly. When, therefore, it is midday 
at Paris, it will be 44 minutes and 39 seconds after 
midday at Berlin; and reciprocally, when it is mid- 
day at Berlin, it will only be 15 mmutes and 31 sec- 
onds aSXet eleven o'clock at Paris ; so that it will 
not be noon at (his last city till 44 minutes and 09 
seconds anerwanl. Hence it is evident, that the 
clocks at Berlin should always be faster than those 
of Paris, and that this difference ought to be Dearly 
44 minutes and SB seconds. 

The diRerence between the meridians of Berlin 
and Magdeburg is nearly 1° 40' ; Berlin therefore is 
to the eastward of Magdeburg; and this difference 
I reduced to time gives 6 minutes and 40 seconds, 
which the clocks of Berlin ought to indicate more 
than that of Magdeburg. Consequently, if it is just 
now noon at Magdeburg, and the clocks there, which 
I Buppose well regulated, point to XII., the ctodn 
at fieriin should, at the same inatant, indicate fl 
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minutes Eind 40 secondB ttfler XII., that ia, noon 
there is already past. 

Hence you see, that in proportion as places differ 
in loi^tude, or aa the; are situated under different 
meridians, well-regulated timepieces ought not to- 
point out the same hour at the same instant, but the 
difference ou^hl to be a whole hour when th^ of 
the longitude is 16 degrees. 

In employing a. timepiece, then, fur ascertakung, 
the longitude of the places through which we pass, 
it would firal be necessary to regulate it exactly at 
some place where we actually were. This is done 
by observing the instant of noon, that is, the instant 
when the sun passes over the meridian of (hat place ; 
and the timepiece ought then to point precisely to 
XIL It ought afterward to be adjusted in such a 
manner, that always after a revolution of 34 hours, 
when the sun returns to ihe meridian, the index after 
having made two complete circuits, should again 
point exactly to XII. If this is carefully observed, 
such well regulated timepieces will not coincide in 
different places, unless these be situated under one 
and the same meridian i but if they are situated under 
different meridians, that is, if there be a difference 
of longitude, the time indicated by the clock or 
watch, at the same moment, will likewise be differ- 
ent ; at the rate of one whole hour of time for every 
15 degrees of longitude. 

Knowing, then, the difference of lime indicated 
fay well regulated timepieces, at different places, 
and at the same instant, we are enabled exactly to 
compute the difference of longitude at these two 
places, reckoning always 15 degrees for an hour, 
and the fourth part of a degree for a minute. 

UA StptemSer, 1761. 
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LETTER XLIX. 
Cotttinualion, and further Eltieidalitmt. 

YoDwill be less surprised at the difference of time 
which well ref^lated timepieces must indicate under 
different meridianB, when you recollect, that while 
it ia noon with us, there nre countries towards the 
east where the sun 1h already set, and that there are 
others towards the west where he is but ^ust rising. 
It must therefore be already night with the one, and 
still morning with the other, at the same instant that 
it is noon with ua. You know, besides, that with 
oar antipodes, who are under the meridian diametri* 
cally opposite to ours, it is night, while it ia day with 
us : so that our noon corresponds exactly to their 
midnight. 

It will bo an easy matter, afler these elucidations, 
to show how an exact timepiece may assist us in 
discovering the difference of meridians, or thai of the 
longitude, at different places. 

Supposing me possessed of such an eicellent time- 
pece, which, once exactly regulated, shows me every 
day the precise time it is at Berlin, so that whenerer 
it IS noon at Berlin, it points precisely to XII. : sup- 
posing further, that it eoea so regularly, that once 
adjusted, 1 have no further occasion to touch it, and 
that ita motion is not to be deranged either by the 
shaking of a carriage, or the agitation of a vessel 
on the ocean, or by any concussion whatever to which 
it maybe exposed. 

Provided thus with a timepiece of this descrip- 
tion, I set out to travel, whether by land or by sea ; 
perfectly assured, that go where I will, ita motion 
will be steady and uniform, as if I had remained at 
Berlin: it will every day point to XH. at the very 
moment it is noon at Berlin, and that wherever I 
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uy happen 
t Magaebui^ 



^Seburg: there I observe the sun when he 
^. . B the rneridian, and this happens when he ie 
exactly sooth ; and it being then noon at Ma^eburg, 
1 oonaalt my timepiece, and observe it pomt» lo 6 
minutes and 40 seconds after XII. : whence I con- 
clude, that when it is noon at Magdeburg', nooQ at 
Berlin is already paat, and that the dilKrence is 
ffWof time, which correspond to 1° 40' of distance; 
therefore the meridi'in of Magdeburff is to the west- 
ward of that of Berlin. The longitude of BerUn,- 
therefore, being nearly 51" T 16', the longitude of 
Magdeburg will be 1° 40' less, that is, it will be 29° 
S7' 15". 

I thence proceed to Hainburgh, accompanied by 
my timepiece, which I never tooch ; and there ob- 
serving when it [b noon by the sun, for I cannot 



the hour, I find my timepiece already announces 
13* 33" aner XII. ; so that at BerUn noon is past 
13' 33" when it is exactly noon at Hamburgh : hence 
I conclude, that the meridian of Hamburgh is 3° S3' 
W lo the westward of that of Berlin ; reckoning 16" 
to an hour, that is one degree for every four minutes 
of time : accordihgly, I find that 13' 33" of time give 
S'SJ" IS' of distance for the difference of the me- 
ridians. TheloDgJtadeofHamburghwillbeofcourae 

At Hainburgh I go to sea, siiU Bccompanied by my 
tune[iiece,and afteralong voyage 1 arrive at a place 
where.-waiting for noon, the momcntof which I ascer- 
tain by observing the sun, I find that my timepiece 
indicatee only 5ff 15' after X. ; so that then it is not 
yet noon at BerUn, and the difference of time is 1 hour 
I minute and 45 seconds, flrom which I conclude, that 
the place at which I have arrived is to the eastwanl of 
Berlin ; and as one hour gives 16 degrees, one minute 
of timBl5', and45BecondB of time 11' la", the difler- 
enoe of the meridians will therefor* be IS" 90' 15"- 

ToL. !!.— P 
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I find, then, that 1 am at a place to the eastward of 
Berlin, whOM longitude is ^eaterthan that or Berlin 
by 15° 96' 15" ; now the longitude of that city being 
nearly 31° T 16", the longitude of the place where 1 
am must be 40° 33' 30". Thus 1 have discovered 
under what meridian I now am ; btit I am still un- 
certain as to the point of the meridian. In oider to 
a-scertainthin, I have recourse to astronomicaJ obaer- 
rations, and find the height of the pole to be precisely 
41°. Knowing likewise that I am still in the north- 
ern hemisphere, as I have not passed the equator, I 
discover that I actually am at a place whose latitude 
is 41° north, and longitude 46° 33' 30". 1 take there- 
fore my globe or maps, and trace the meridian whose 
longitude is 40° 33' 30"; I look for the place whose 
latitude is 41°, and at the point of intersection I find 
1 have got to the city of Constantinople without 
having occasion to apply for information to any p«r- 

Thus, at whatever place of the globe 1 mayairive, 
possessed of a timepiece so exact, 1 am able to 
ascertain the longitude of it ; and then an observation 
of the height of the pole will show lae its latitude. 
All that remains, therefore, is to lake the terreetrial 
globe, or a good map, and it will be easy for me to 
ascertain where I am, however unknown to me the 
country may in other respects be. 

It is much to be regretted, that artists of the 
greatest abihty have hitherto been unsuccess^ in 
the construction of timepieces auch as I have de- 
scribed, and such as the case requires. We meet 
with a great many very good pendulum machines, 
but they go regnlarly only when fixed in undisluibed 
situations ; the sUghieat concussion is apt to derange 
their motion; they are therefore totally useless in 
long sea voyages. It is obvious that the pendulum, 
which regidates the motion, is iBcap:d)le of resisting 
the shocks to which it is expoi;^ in navigntion. 
About ten years ago, however, an Eiiglish artist 
pretended that he had constructed a timepiece proof 
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against the motion of a ship at eea, and that after 
havini^ tried it a long time together in a carriage on 
the road, it was imposBible to perceive the slighteet 
derangement ; on which the inventor claimed and 
received pad of the padiamentary reward proposed 
for the discovery of the longitude, and the rest was 
to bepaid after it had been put to the proof of a 
long voyage. But since that time we have heard no 
more of it ; from which it is to be presumed that 
this attempt too has failed, like many otiiers whicb 
had the same object io view." 
I9lh Seplemier, 1761. 



Eclipta of the Moon, a third Method of finding the 
Longttude. 

FioM want of the exquisite timepiece of which I 
have endeavoured to give you an idea, the echpses 
of the moon have hiUierto been considered as the 
most certain method of discovering Ihe longitude ; 
but theae phenomena present themselres so rarely. 



or imfatarily In llw InH llnwlunnii) win tery nurlr carnnnlid. 
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that we have it not in our power to employ them bo 
often aa occasion reauires. 

You know that the moon is ecli{Med when it 
passes into the shadow of the earth : it is poisible 
then to obaerre the moment when the moon begins 
to enter into the ahade, and when she has eme^ed ; 
the one Is denomiaated the be^nnine of the echpae, 
tad the other its endi and when botn are observed, 
the mean time between them is denominated the 
middle of the ecliiise. The moon is sometimes 
wholly immerged in the shadow of the earth, and 
remains for some time invisible ; this we call a total 
eclipse, during which we may remark the moment 
when the moon entirely disappears, and that when 
she begins to emergre ; the former is called the 
beginning of total darkness, and the latter the endof 
it. But when a part only of the moon is obscured, 
we call it a parti^ eclipse ; and we can remark only 
the moment of its beginning and ending. Yon know 
likewise that eclipses of the moon can bapp«i only 
Bl the full, and that but rarely. 

When, therefore, an ecUpse of the moon is ob- 
served at two different places situated under different 
meridians, the beginning of the eclipse will be clearly 
seen at both, and at the same instant; but the time- 
pieces at these different places will l^ no means 
indicate the same hour, or any other division of time 
exactly the same : 1 mean well regulated timepieces, 
each of which points precisely to XII. when it is 
noon at that place. If these places ve sitnated 
under the same meridian, their timepieces will no 
doubt indicate the same time at the Beginning and 
zt the end of the eclipse. But if these two mendinns 
are IS degrees distant from each other, that is, if 
the difference of their longitude be 15', the time- 
ineces must differ a complete hour from the begio- 
oing to the end of the eclipse ; the timepiece of the 
piece situated to the eastward will indicate one hour 
more than the other: the difference of 30° inlongi- 
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tude will occasion that of two houre in the time indi- 
cated by well refpilaled clocks or watches ; and m> 
on, according to the following table : 
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different places, and the moment of its commence- 
ment ia exactly marked on the timepieces at each, 
it will be easy to calculate from the aifference of the 
time indicated, the difference of longitude between 
the two places. Now, that where the time is more 
advanced niust be situated more towards the east, 
and consc<|uently its longitude greater, as longitude 
is reckoned from west to east. 

By such means, accordingly, the longiiude of the 
principal places on the ^obe have been determined, 
and geographlchl charts are constructed conformably 
lo these determinations. But it is always necessary 
to compare the observations made in a place the 
longitniie of which was not already known, with 
those which had been made in a known place, and 
to wait the result of that comparison. Were I to 
arrive, then, after a long voyage, at an unknown 
place, and an opportunity presented itself of there 
observing an eclipse of the moon, this would, in th« 
Ant iiuianco, afford me no assistance towaids the 
P« 



174 nvwLKDaB of the hosanvBK, 

discovery of the longitude of that place ; I could 
not, till after my lelurn, compare my obserration 
with another made in a knowD place, and thiia I 
should leant too late where 1 was at that time. The 
grand point in request is. How am I at the moment 
to acquire the necessary information, that I m&j 
take my meaaureg accordingly! 

Now, the motion of the moon being so exactly 
known, it is possible to attain this satisfaction; for 
we are thereby enaUed, not only to calculate before- 
hand all future eclipses, but to ascertain the moment 
of the beginning and end, according to the time- 
pieces of a given place. YoQ know that our Berlin 
almanacs always indicate ihe beginning and the 
end of every eclipse visible at that city. In ttte 
view, then, of undertaking a long voyage, I can fiir- 
nish myself with a Berlin almanac ; and if an op- 
portunity presents itself of observing an eclipse of 
the moon at an unknown place, I must mark exactly 
the time of it by a timepiece accurately regulated 
by the sun at noon, and compare the moments of the 
beginning and end oftheecUpse with those indicated 
in the alinanac, in order to ascertain the difference 
between the meridian of Berlin and that which 
passes through the place where I am. 

But besides the rarity of eclipses of the moon, 
this method is subject to a further inconvenience ; 
we are not always able to distinguish with sufficient 
accuracy the moment of the beginning and end of 
the eclipse, which comes on so imperceptibly that a 
mistake of several seconds may very easily be com- 
mitted. But as the mistake wdl be nearly the same 
at the end as at the beginning, we calculate the 
middle point of time between the two moments ob- 
Mrved, which will be that of the eclipse ; and we 
afterward compare this with that which is indicated 
by the almanac for Berlin, or for any other known 
place. 

If the iliaanac for next yeu should aat bt pob- 
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lished irhen I set out on my voyage, or supposing it 
to last more yean ihan one, there are books cpo- 
tainJBg the eclipses calculated Tor several yean to 

99<l Septemltr, 1761. 



Ecurscs of the sun may likewise assist in aacer- 
talHing the longitude, bui in a way that require* 
more profound rcseatch, becnuse the sun is not im- 
mediately obscured ; il it only the interposition of 
the body of the moon which obstructs the trans- 
mission of his rays to us, as when we employ a 
parasol to shelter us from them, which does not pre- 
vent others from beholding all their lustre. For the 
moon conceals the sun only from part oftheinhiUut- 
ants of the earth; and an eclipse of the sun may 
be clearly visible at Berlin, while at Paris there is 
no interception of his light. 

But the moon is really eclipsed b^ the shadow of 
the earth ; her own light is dimimshed or extin- 
guished by it: hence the eclipses of the moon are 
seen in the same manner wherever she is above the 
horizon at the time of the eclipse. 

It cannot have escaped your penetration, that if 
(here were other heavenly bodies which from time 
to time underwent any real obecuration, the^ might 
be employed with similar success as the eclipses of 
the moon in ascertaining the longitude. Ttie satel- 
lites of JiKHter, which pass so frequently mto the 
shadow of their planet that almost every night one 
«f other of thatn is eelipsed, may be ranked in the 
number of these, Jod funish us with another excel- 
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Fig. 108. 



lentmethod of determining the longitude. Astrono- 
mers accordinirly employ it wiih great success. 

You know that Jupiter has 
four satellites whiclimake their 
revolutions round him, each in 
his own orbit, as represented 
in theannexedfigure, Fif. 108, 
by circles described round Ju- 
piter. I have likewise repre- 
sented the sun in this figure, in , 
order to exhibit the shadow I 
A O B behind the bod; of Ju- I 
piter. You aee the firet of 
these satellites, niarked 1, on 
the point of entering into the 
ahadow; the second, niarked 3, 
has Just left it; the third, 3, is 
■till at a great distance, but ap- 
proaching to it ; aud the fourtn, 
4, has lelt it a considerable 
time ago. 

As soon as one ofthese satel- 
lites passes into the shadow it 
becomes invisible, and that 
suddenly ; so that at whatever 
place ofthe globe you may hap- 
pen to be, the satellite which 
was before distinclly visible 
disappears in an instant. This 
entrance of a satellite into the 
shadow of Jupiter is denomi- 
nated immeriion, and its depart- 
ure from the shadow emer- 
tirni ; when the satellite which 
had for some time been invisible suddenly reapiK bis. 

The irainetaions and emersions are equally adapted 
to the determination of the longitude, as they take 
place at a decided instant ; so that when such a phe- 
nomeuon is observed at several places of the globe, 
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yoD mnat find in th« titn« bdicated by t)ie tine- 
pieceB of each the difference which exactly cor- 
reapoods to the difference of the distance of their 
meridianB. It is the same thing as if we obaerred 
tite begioniUjS ot the end of auaclipee of the moon; 
and the case le then involved in no difficulty. For 
some time past we have been able to calculate these 
eclipses of the satellites of Jupiter, that is, their 
inunersions and croersions-, and we have only to 
compare the time observed with the time calculated 
for a given place, say Berlin, in order to conclude at 
ODce the distance of its meiidian from that of our 
capital. 

This method is accordingly practised uDiversally 
iattavelling by land; but the means have not yet 
been discovered of profiting by it at sea, when, 
however, it is of still greater importance for a man 
to know with certainty where he is. Were the 
satellites of Jupiter as visible to the naked eye u 
the moon is, this method would be attended with no 
difficulty, even at sea ; but the observation cannot 
be made without a telescope of at least four or fire 
feet in length — a circumstuice which presents an in- 
surmountable obstacle. 

You well know that it requires some address to 
manage, even on land, a telescope of any length, to 
direct it towards the object which you wish to con- 
template, and to keep it to ateady as not to lose the 
object; you wilt easily comprehend, then, that a 
ship at sea beine in a continual agitation, it must be 
almost impossible to catch Jupiter himself; and if 
yon could find him, yon would lose him again in a 
moment. Now, in order U> make an accurate ob- 
servation of the immersion or emersion of one of 
the satellites of Jupiter, it is absolutely necessary 
that you should have it in your power to look at him 
steadily for some time together; and this being im- 
poseibte at sea, we are to all appearance constrained 
Jo abandon this method of determimng the longitiidA. 
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This inconTenience, however, may be Femedied 
tvo ways ; the oae by the construction of telescope^ 
sis inches long, or leas stitl, capable of discovenng 
clearly the Eatellites of Jupiler; and there can be no 
doubt that these would b« more manageable than 
such as are four or live feet in len^h. ArtisEa in 
actually employing theniseWes with auccesB in bring- 
ing telescopes of this sort to perfection ; but it has 
not yet been proved whether or not it wilLrequire aa 
much address to point them to the object as those 
which are longer. 

The other way would be to contrive a chair to be 
used on shipboard, which should remain fixed and 
motionless, so as not to be affected by the agitation 
of the vesseL It does not seem impossible that a 
dexterous mode of balancing mt^ht effect this. In 
fact, it is not long since we read in the public prints 
that an Englishman pretended that he had constructed 
such a chair, and therefore claimed the priie pro- 
posed for the discovery of the longitude.* His claim 
was weU founded, if he indeed constructed the ma- 
chine, as it would be possible by means of it to ob- 
serve at sea the immersions and emersions of the 
satellites of Jupiter, which are undoubtedly very 
much adapted to the making of this discovery ; but 
forsome time past no further mention has been made 
of it. From the whole, you must have perceived 
how many difficulties attach themselves to the dis- 
covery or the longitude. 

iOth SeptembtT, 1781. 
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LETTER Ln. 
Tke Motion of the Moon, a fifth Method. 

Tbb heavens fDmieh us with one resoiuce more 
for discovering the longitude without the MBigtiuice 
of telescopes, in which sBtronomera seem to plac« 
the greatest confidence. It is the moon, not onlv 
when eclipsed but at all times, provided she be visi- 
ble ; an traspeaiable advantage considering that 
eclipses are so rare, and that the immersions and 
emenioDS of the eatellites of Jupiter are of such 
difficult obGervation 1 there being a considerabte 
time every year during which the planet Jupiter is 
not visible to us, whereas the moon is aimoet cod- 
Btantly in view. 

Yon must undoubtedly have already remarked, 
that the moon rises every day almost three-quarters 
or an hour later than the preceding, not being at- 
tached to one tixed place relatively to the stars, 
which alwayspreserre the same situation with respect 
to each other, thouih they have the appearance of 
being carried round by the heavens, to accomplish 
everydaytheit revolution about the earth. I speak 
here according to appearances ;■ for it is the earth 
which revolves every day round its axis, while the 
heavens and the fixed stars remain at rest ; while 
the sun and planets are continually changing their 
place relatively to these. The moon has likewise a 
motion abundantly rapid from one day to another, 
with relation to the fixed stars. 

If yOu were to see the inoon to-day near a certain 
Used star, it will appear to-morrow al the same 
hour at a considerable distance from it towards the 
east; and the distance sometimes exceeds even 1ft 
degrees. The velocity of her motion is not always 
the same, yet we om able to determine it very «%; 
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actljr for every day ; by which means we can cktco- 
late before-hand her true place in the heavens for 
every hour of the day, and for aay known meridian, 
■ay that of Berlin, or Paris, 

Sappoae, then, that after a lonf voyage I flnd my- 
self at sea, in a place altogether unknovm, what use 
can I make of the moon, in order to discover the 
hm^tude of the place whel« I am I There is no 
difficulty with respect to the latitude, even at «ea, 
where there are means abundantly certain for ascer- 
tainiKK the height of the pole, to which the latitude 
IB always equal. My whole attention, then, will ha 
directed to the moon ; I will compare her with the 
fixed stars which are nearest, and thence calculate 
her trne place relatively to them. You know there 
are celestial globes on which all the fixed stars sra 
arranged, and that celestial charts hi« likewise con- 
structed similar to geographical maps, on which are 
represented the fixed stars which appear in a certain 
onarter of the heavens. On taking, then, a celestial 
chart on which the fixed Stars to which the mooa 
is near are marked, it'witl be an easy matter to de- 
termine the Inie place where the moon at that time 
is ; and my watch, which 1 have taken care to ref- 
late there, from an observation of the moment of 
noon, will indicate to me the time of my lunar <A- 
eervation. Then, IVom my knowledge of the moon's 
motion, I calculate for Berhn, at what hour she must 
appear in the same place where 1 have seen hor. If 
the time observed exactly correspond with tke time 
of Berlin, it will be a demonstration that the place 
where I am is precisely under the meridian of Berhn, 
and that consequently the longitude is the same. 
But if the time of my observation is not that of Ber- 
lin, the difference will give that which is betw«en 
the meridians ; and reckoning 13 dwroea for amy 
hour of time, 1 compute how nmch the longitude of 
the {dace 1 am at is greater or less than that of Bn- 
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Im: the place where time ts more advance4 faaa 
always the greater longitude. 

Ttus JB an atwtract of the mdhner of detemiininc 
longitude by simple observations of the moon. I 
remark, that the nappieat moments for BucceBsfully 
perfotming this operation, and for accurately deter- 
mining- the moon's place, are, when a fixed atar hap- 
pens to be concealed behind her body ; this is called 
oecvitatian, and there are two instances favourable 
to observation, that when the moon in her motion 
completely covers the star, and that when the star 
reappears. Astronomers are particularly attentive 
to catch these instants of occultation, in order to 
calculate from them the moon's true place. 

I foresee, however, an objection you will proba- 
bly make reapecting the time-piece with which I 
suppose our navigator provided, after having main- 
tained the impossibility of constructing one that 
shall be proof against every agitation of a ahip at 
sea. But this impossibility respects only such 
time-pieces as are expected to preserve a regular 
motion for a long time topelher, withont the neces- 
sity of frequent adjustment ; for as to the observa- 
tions in question, a common watch is quite suffi- 
cient, provided it go regularly for some hours, after 
having been carefully adjusted to the noon of the 
[dace where we are; supposing a doubt to arise, 
whether wo could calculate from it the succeeding 
evening or night, at the time we observe the moon, 
the stars likewise will afford the means of a new 
and accurate adjustment. For as the situation of 
the snn with relation to the fixed stars is perfectly 
known for any time whatever, the simple observa- 
tion of any one star is sufficient to determine the 
place where the sun must then be ; from which we 
are enabled to calculate the hour that a well regu- 
lated timepiece ouRht to indicate. Thus, at the 
very instant of making an observation by the mooi^ 
we are enabled likewise to regulate our tiinq>Me6 
Vol. II.— (J 
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by the stars ; and eveiy timepiece is soppoasd to 
go regularly for bo short a space. 
oath Septeaber, ITBX. 



LETTER Lin. 
^•oaatagea of thU last Method ; ilt Degree of 



This last method of finding the longitude, foonded 
OQ lunar observations, eeems to merit the prefer- 
ence, as the others are subjected to too many diffi- 
culties, or the opportunities or employing them 
occur too setdom to t>e useful. And you must be 
abundantly sensible that success depends entirely 
oil the degree of precision attained in forming tM 
calculation, and that the errors which may be com- 
mitted would lead to conclusions on which we could 
place no dependence. It is of importance, there- 
fore, to explain what degree of precision we may 
leaaonably hope to attain in reducing this method 
to practice, founded on the considerable change 
which the moon unde^oes from one day to another 
in her position. It may be affirmed, that if the 
moon'a motion were more rapid, it would be more 
adapted U) the discovery of the longitude, and would 
procure for us a higher d^ree of precision. But 
if, oa the contrary, it were much slower, so that 
we could scarcely discern any change of her posi- 
tion from day In day, we could derive very little, 
if any, assistiince from her towards the discovery 
of the longitude. 

Let us suppose, then, that the moiMi changes her 
place among the fixed stars a space of 13 degrees 
IQ twenty-four hours ; she will, In that case, change 
it one degree in two hmirs, and half a degree, or 
;!i"r'" minutes in an liinir; if we were lo commit a 
miHUkc in observing the moon's place of thirty 
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miiiBtos, it would be the same thing as if we ob- 
Berred the moon an hour earlier or later, and we 
ahonld commit a mistake of one hour in the con- 
clUBion respecting- the difference of the meridians. 
Now, one hour's difference in the meridians corres- 
ponds to 15 degrees in their longitude; conae> 
quently, we shomd be mistaken 15 degrees in the 
longittide itself of the place we look for ; which 
would undoubtedly be an error so enormouB diat it 
were almost ae well to know nothing about it; and 
a simple computation of (he distance and the direc- 
tion, howeyer tmcertain, could not possibly lead to a 
mistske so very gross. But a man must nave gone 
to work in a very slovenly manner to commit a 
mistake of 30 minutes respecting the moon's ^ace ; 
and the instruments whicii he employed must have 
been very bad, a thing not to be supposed. 

Nevertheless, however excellent the instruments 
may be, and wJwtever degree of attention may have 
been bestowed, it is impossible to keep clear of all 
error ; and he must have acquitted himself very well 
indeed who has not committed the mistake of one 
minute in determining the muun's place. Now, as 
it changes half a degree, or 30 minutes, in one hour, 

it wtUcbaiwe on« minute of distance in two mi 

of time. When, therefore, the mistake of the m 
jiatx ainoimts to no more than o 



longitude ; and this point of precision might be suf- 
Bcient for every purpose, were it but attainable. 

1 hive hitherto supposed our knowledge of the 
moon's motion to be so perfect, that, for a known 
meridian, we could determine the moon's true place 
for every moment without an error ; but we are stiH 
very far short of that point of perfection. Within 
these twenty years, the error in this calculation was 
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more than sii minuteH ; and it is but lately that the 
ingenious Profes.toT Mayer of Gottinyen, punuing 
the track I haa pointed out to him, has succeeded so 
far as to redure this error to less than a mioute. It 
may very easily happen, then, that in (he calculation 
likewise, the error of one minute may be committed, 
which, added to that of a minute committed in the 
observation of the moon's place, will double that 
which results from it respecting the longitude of 
the [ilace where we are; and, consequently, it may 
possibly amount to a whole degree : it is proper 
further to remark, that if the moou in twenty-four 
hours sliould change her relative ajluation more than 
12 degrees, the error in the longitude would be lew 
considerable. The means may perhaps be diacov- 
ered of diminlahing still further the errors into which 
we are liable to fikll, in the observation and in the 
calculation ; and then we should be able to ascertain 
the longitude to a de^e, or less. Nay, we ought 
not to despair of attaining a still higher degree of 

Srecision. We have only to make several observa- 
ons, which can be easily done by remaining several 
days together at the same place. It is not to be 
apprehended, in that case, that all the conclusions 
sfiDuld be equally defective ; some will give the lon- 
gitude sought too great, others too small, and by 
striking a medium between all the results, we may 
rest assured (hat this longitude will not be one de- 
gree removed from the truth. 

The English nation, generously disposed to engage 
genius and ability in this important research, has 
proposed three prizes foi ascertaining the loogitude 
—one of 10,00M., one of 15,00(U., and one of SO.OOtU. 
The Arst of these is to be bestowed on the person 
who shall determine the longitude to a degree, or 
about it, BO aa to give perfect assurance that the 
error shall not exceed one degree at most. The 
second is to be given to him who shall discover ft 
method still more exact, so that the error shall 
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never exceed two-thirds of a degree, or 40 minutes. 
The higfaeHt prize is destined to the man who shall 
ascertain the Iong;itude eo exactly that the error shsll 
never exceed half a de^e, or 30 minutes ; and a 
higher decree of precision is hardly to be expected. 
No one oi these prizes has hitherto lieen allotted; I 
do not take into the account the sratilication tw- 
stowed on the artist who pretended lo it from hit 
constniction of perfect timepieces. Mr. Mayer is 
at this moment claiming the highest, and I think he 
is entitled to it.* 
3<; October, 1761. 



LETTER LIV. 

On the Mariner's Compau, and the Properlit* of the 

Magnetic Needie. 

YoD are by this time sufficiently informed respect- 
ing the discovery of the longitude : I hare had the 
Eteasure of explaining the varioils meihods which 
are been employed lor the determination of it. 

The flrst and most natural is carefully to observe 
the qoaatity of space which we have gone over, and 
the direction in which we moved ; but tbe currents 
and tempests to which sea voyages are exposed 
render this method impracticable. 

The second requires the construction of a time- 
piece so perfect as to go always uniformly, notwith- 
standing the agitation of a ship at sea; which no 
artist has hitherto been able to accomplish. 

The third is fomided on the observation of the 
ecUpsea of the moon, which would completely 

* Tb» wl*rn of PnfoKr Xntr Rcdtnd fmm ih* Btiilrt jBTlliiDiBt 
. nwud «f ttBOI. mJim ; »4 ^^.Jj^';^^ ""^b. taSS » 
3T.()BHin™wSrf^™ UM_Ficnch BtniniiHni, inil gdimd Mnnl 
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answer every fxipoee, were not oppoitimitiee cf 
employing it loo rare, and least in our power wben 

tbe neceaaitv may be moet urgent. 

The fourth rerers to the ecUpeee of the aatellitea 
of Jupiter, which would answer the purpose ex- 
tremdy well, had we the means of employin)^ at 
sea teleecopes of a certain description, without 
which they are iuvisible. 

Finally, observations of the moon herself famish 
a fifth method, which appears the most practicable, 
provided we were able to observe the moon's idacs 
in the heavens so exactly, that the error in calcula- 
tion (and error is unavoidable) should never exceed 
one minute, in order to be assured that We are not 
mistaken above one degree in the de termination of 
the longitude." 

To one or the other of these live methods persons 
engaged in this research have chiefly directed their 
epeculalions: but there is still a mxiii, which seems 
Uka wise adapted ttrthe solution of Uie problem, were 
it more carefully cultivated ; and wUl perhaps one 
day furnish us with the most certain metiiod of dis- 
covering the lon^tude ; though as yet we are far, 
very far short of it. 

It is not derived from the heavens, but Is attached 
to the earth simply, being founded on the nature of 
the magnet, and of the compass. The explication 
of it opens to me a new flelo of important physical 
observation, for your amusement and instruction, on 
the subject of magnetism; and I flatter myself you 
will attend with delight and improvement to the 
elucidations which I am going to suggest. 

My reflections shall be directed only to the main 
•nbjeclof our present research, i mean the discovery 
of tbo longitude. 1 remark in general, that the 
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magnet is a stone which has the qu^tr of attracting 
iron, and of disposing itself in a certain direction; 
and that it communicates the same qualit]' to iron 
and sted, t^ nibbing, or simply touching them with 
a magnet; proposing aflerwua to enter uito a more 
minute discussion of this quality, and to explain the 
nature of it. 



use of mariners, is denominated the eompatt. 

For this purpose we provide a needle of good 

steel, nearly resembling Fig. lOB, one extremity of 

Fig. 109. 
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which B terminates in a point, thff better to distin- 
guish it from the other A; it is furnished at th» 
middle C with a small cap, hollowed below, for Um 
purpose of placing the needle on a pivot or point D, 
as may be seen in the second figure. 

The two enils are adjusted in such a manner, that 
the needle, being in perfect equilibrium, can revoWe 
freely, or reniain at rest, on the pivot, in whatever 
situation it may be placed. Before the magnet is 
applied, it would be proper to temper the needle, in 
order to render it as hard as posBible ; then by rub- 
bing or touchini; it with a good loadstone, it will 
instantly acquire the magnetic virtue. The two ex- 
tremities will no longer Balance each other, but the 
one B will descend, as if it had become heavier; 
and in oider to restore the equilibrium, something 
roust be taken away from the extremity B, or a smaU 
weight added to the end A. But the artists, fore- 
seeing this change produced by magnetism, make 
the wd B originufy lighter tiiaa the end' A, that Iha 




188 DIT TOE MjUUNKR's COHPAM. 

magnetized needle may of itself sMunie the bori- 
zonlal position. 

It then acquires another property still more re- 
tnariiable : it is no longer indifferent to all situationa 
as formerly: but aOects one in preference to every 
other, and disposeB itself in such a manner that the 
extremity B ui directed to the north nearly, and the 
extremity A towards the south; and the direction 
of the ma^etic needle corresponds almost with the 
meridian Une. 

You recollect that, in order to trace a meridian 
line, which may point out the north and the south, 
it is necessary to have recourse to astronomical 
observations, as the motion of the sun and stars 
determines that direction; and when we are not 
provided with the necessary instruments, and espe- 
cially when the sky is overclouded, it is impossible 
to derive any assistance from the heavens towards 
tracing the meridian line ; this property of the mag- 
netic needle is, therefore, so much the more admi- 
rable, that it points out, at all times, and in every 
place, the northern direction, OQ which depends the 
others, towards the east, south, and west. For this 
reason the use of the mafnetic needle, or compass, 
is become universal. 

It is in navigation that the advantages reaultiog 
from the use of the compass are most conspicuous ; 
it being always necessary to direct the course of a 
vessel towards a certain quarter of the world, in 
order to reach a place proposed, conformably to 
ffeographic or marine charts, which indicate the 
direction in which we ought to proceed. Before this 
discovery, accordingly, it was rnipossible to under- 
take long voyages ; the mariner durat not lose si^t 
of the coast for fear of mistaking his course, unless 
the sky was unclouded, and the stars pointed out 
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state or a man who, with a bandage over his ey«a, 
was obliged to find his way to the great church of 
Magdeburg; imagining he waa going one wajr, he 
might be going another. The compaaa, then, 18 the 
principal guide in navigation ; ana it was not tiU 
after thia important discovery that men ventured 
across the ocean, and attempted the discovery of 
a new world. What would a pilot do without his 
compass during or aAer a atorm, when he could 
derive no assistance from the heavens 1 Take 
whatever course he might, he must be ignorant in 
what direction he was proceeding, north, south, or 
to any other quarter. He would presently deviate 
to such a degree as infallibly to lose himself. But 
the compass immediately puts him right ; from 
which you will be enabled to judge of the importance 
--ledisc -• - " 



of the oiscovery of the magnetic needle, or mariner'a 
" pass. 
A OctOer, 1761. 
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Declmalionof ikgCompats, and Manner of oitenring it. 

TaoooH the maenetic needle alTecte the situation 
of being directed from south to north, there are ac- 
cidental causes capable of derangiug this direction, 
which must be carefully avoid^. Such are the 

Croximity of a loadstone, or .of iron or steel. You 
ave.onlv to present a knife to a magnetic needle, 
and it will immediately quit its natural direction, utd 
move towards the kmfe i and, by drawing the knife 
round the needle, you will make it assume every 
possible direction. In order to l>e sssured, then, 
that the needle is in its natural direction, you must 
keep at a distance from it all iron or ateel, as well 
aa magnets i which is so much the more easy, that 
these substances influence its direction only when 
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Tery near Jt : once removed, their effect becomes tn- 
eensUile, unlesa in the caae of a very powerTul mag- 
net, which might posBibly act on the needle at the 
distance of several feet, 

But iron alone produces not this effect, as the 
compass may be uaed to advantage even in iron 
mines. You are perfectly sensible, that under 
ground, in mines, we are in the same condition as at 
sea whea the face of heaven is overclouded, and that 
it is necessary to drive mines in a certain direction. 
Plans are accordingly constructed representing all 
the tracks hollowed out in the bowels of the earth, 
and this operation is regulated merely by the com- 
pass i this is the object of the science denominated 
sobtenaneons geometry. 

To return to our compass or ma^etic needl«: 
I have remarked that its tjircction is only almost 
Dortherlv ; it is therefore incorrect to say that the 
ma^et lias the property of always pointmg north. 
Having employed myself in the fabrication of many 
magnetic neeoles, I constantly found that their di- 
rection at Berlin deviated about 15° from the true 
meridian line i now an aberration of Ift" is very con- 
siderable. 

Fig. 110 represents first the 
true meridian line, drawn from 
north to south ; that which is 
drawn at right an^es with it 
'ndicates the east to the right- 
hand, and the west to the left. 
Now the magnetic needle A B 
does not fall on the meridian, 
but deviates from it an angle 
of 16° BO North. This angle is 
denominated the deelination, 
and sometimes the danationoi 
variatum, of the compass or magnetic needle ; and 
as tbe extremity B, nearest the north, dvriatea 



Fig. HO. 
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towarde tlie west, we say the declination is 1S° 
westerly. 

Having thus determined the declination of the 
magnetic needle, we can make it answer the same 
purpose as if it pointed directly north. The needle 
Is usually enclosed in a circle, and you have oidy to 
mark on it the due north and the exact distance from 
the northern extremity of the needle, so as to make 
z declination of 15° westward ; and the line North 
South, Fig. 110, will indicate the true meridian line, 
and enable us to ascertain the four cardinal points, 
north, east, south, and west. 

The better to disguise the secret, the magnetic 
needle is concealed in a circle of pasteboard, as rep- 
resented in the figure, only the needle is rendered 
invisible, the pasteboard covering it, and forming 
but one body with it, the centre of which is placed 
on a pivot,* in order to admit of a free revolution : 
it assumes, of course, a situation such that the point 
marked North is always directed to that point of the 
horizon ; whereas the needle, which la not seen, in 
effect deviates from it 16° to the west. This con- 
struction serves only to disguise the declination, 
which the vulgar consider as a defect, though it be 
rather an object worthy of admiration, as we shall 
afterward see; and the pasteboard, only increaaiag 
the weight of the needle, prevents its turning so 
freely as if it were unencumbered. 

To remedy this, and more commodiouslj^ to 
«mploy the compass, the needle is deposited in a 
circular box, the circumference of which, divided 
into 360°, exhibits 'the names of the principal 
points of the horizon. In the centre is the pivot, 
or point which supports the needle, and this last 
immediately assumes a certain direction ; the box is 
ttien turned till the northern extremity of the needle 
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BeZBCtlycorreBpondBwitb I&°ontheciTciinifereiice, 
reckoning Iroin the north-weitward ; and then the 
nameB mailed will agree with the real quarters of 
the world. 

At sea, howeyer, they employ needles cased in 
circles of pasteboard, the circumference of which is 
divided into 360°, to prevent the necessity of turning 
round the box ; then the pasteboard circle, which is 
called the compass, indicating the real quarters of 
the world, we have only to refer to it the course 
which the ship is steering, in order to ascertain the 
direction, whether north or south, east or west, or 
any other intermediate point. By the compass like- 
wise we diatinf^ish the winds, or the quarters from 
which they blow ; and from the points marked on it 
their names are derived. It is necessary, at any 
rate, to be perfectly aMured of the declination or 
variation of the compass ; we have found it to ba 
exactly 19° westward here at Berlin ; but it may ba 
different at other places, as I shall afterward demon- 
strate. 

1<MA Ocloder, 1761. 
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Whxk I say that the declination of the compass 
is 1S° west, this is to be understood as applying only 
to Berlin, and the present time : for it has b^it re- 
marked, that not only is this declination different at 
different nbces of the earth, but that it varies, with 
time, at tne same place.* 

The magnetic declination is accordingly mnch 
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grrater at Beriia now than it was fonnerlr. I re- 
collect the time perfectly when it was ontv 10°;* 
and in the last century there was a period when 
there was no declination, so that the direction or the 
magnetic needle coincided exactly with the meridian 
line. This was about the year 1670 ; since then the 
declination is become progressively greater towards 
the west, irp to 15°, as st this day : bihI there is every 
appearance that it will gf> on diminishing till it is 
again reduced to nothing. I give this, however, 
merely as conjecture, for we are very Tar from being 
able to predict it with certainty. 

Besides, it is well known that prior to the year 
1870, the declinstioi) was in the cotilrnry direction, 
thst is, towards the east ; and the farther back we 
go, the greater do we find the declination eastward. 
Now, it la impossible to go farther back thsn lo the 
period when tne compass was discovered ; this hap- 
pened in the fourteenth century ; but it was long 
after the discovery before they began lo observe 
the decimation at Berlin ; for it was not perceived 
at first that the needle deviated from the meridian 

But at London, where this subject has been more 
carefully studied, the magnetic declination in the 
year I S80 was observed to be 11° 15' east; in 1622, 
d'O'enst; in 1<134, 4° 6' east; iu 1657 there was no 
declination^ but in 167-2 it was S" 30' west; in 
1892, 6° 0' west ; and at present it may probably be 
18° west, or more.f Vou see, then, that about 
the beginning of the last century, the declination 
was nearly 8 degrees east : that thenceforward it 
gradually niroinished, till it became imperceptible in 
the year 1667 ; and that it has since become westerly, 
gradually increasing up to the present time.} 

t InJiraiiy, im.rlHTiniiliHior ibcnetdl^alLondan wuHBlg 
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It hai preserved nearly the same order at Pwte ; 
but there it was reduced to nothing in 1660, Dine 
years later than at London ; hence you will otwcrra 
a most unaccountable diverBity of declination rela- 
tively to diflerent places of the earth at the aame 
time, and to the same place at different times. 

At preaent, not only through all Europe, but 
througn all Africa, and the greatest part of Asia, the 
declination is westerly, in some places ^al«r, in 
others less, than with us. It is greater m certain 



siderably exceeds 30" ; in Spain, Italy, and Greece, 
on the contrary, it is less, being ^out 13° ; on the 
western coasts of Africa it is ^out 10°, and on the 
eastern 12°. But as you advance eastward into 
Asia it progressively diminishes, till it entirely dis- 
appears in the heart of Siberia, at Jenjseisk ; it dis- 
appears too in China, at Pekin, and at Japan ; but 
beyond these regions, to the eastward, the declina- 
tion becomes easterly, and goes on incroasii^ in 
this direction, along the nor^ part of the Pacific 
Ocean, to the western coasts of America, from 
which it proceeds, gradually diminishing, till it 
again disappears ui Canada, Florida, the AntiUee, 
and towHiijs the coasts of Brazil. Beyond these 
countries, towards the east, that is, towards Europe 
and Africa, it again becomes westerly, as I hare 
already remarked. 

In order to attain a perfect knowledge of the prea- 
ent state of magnetic declination, it would be neces- 
sary to ascertain fur all places, both at land and sea, 
thepresent state of magnetic declination, and wttetber 
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its tendency is westward or eaetward. This know- 
ledge would be undoubtedly extremely useful, but 
we dare scarcely hope for it. It would require men 
of ability in every part of the globe, employed at tbe 
same time in obg^Tring, each on his own station, tbe 
nasaettc declination, and who should communicate 
their obeerralions with the utmost exactneis. But 
the space of some years would elapse before the 
communicalions of the more remote could be re- 
ceiTed, thus the knowledge aimed at is unattainable 
till after the expiration of years. Now, though no 
veiy considerable change takes place in the direc- 
tion of the magnetic needle in two or three years, 
this change, howerer small, would prevent tiie 
attainment of complete information respecting the 
present state of the various declination of the mag- 
netic needle, from observations made at the same 
time in the different regions of the globe. 

The same thing holds with respect to times past ; 
to every year corresponds a certain state of mag- 
netic declination preper to itself, and which distin- 
ffuisbes it from every other period of time, past and 
nilure. It were, however, sincerely to be wished 
ibat we had an exactly detailed state of the declina- 
tion for one vear only; the most important elu- 
cidotioDS of tne subject would certainly be derived 

The late Mr. Haliey, a celebrated English astrono- 
mer, has attempted to do this for the year ITOO, 
foonding his conclusions on a great number of ob- 
servations made at different places, both by land and 
sea; but, besides that some very considerable dis- 
tricts, where these observations were not made, are 
not taken into his account, most of those which 
he has em^oycd were made several years prior to 
1709 ; so that at this era the declination might have 
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tremelj defective ; and, moreover, what woold it now 
avaii us to know the stale of magnetic declination 
for the year 1700, having since that lime undorgone 
a considerable change f 

Other EiigLish geographers have produced, pos- 
terior to that period, a similar chart, iiitendea to 
represent all ihe declinattona such as they were in 
the year 1744. But as it has the same defect with 
that of Mr. Hailey, and as they likewise were unaUe 
to procure ohservations from several countries on 
the globe, they did not scruple to fill u^ the vacant 
places by consulting HaUty's chart, which certainly 
could not ai^ly to 1744. You will conclude, from 
what I have said, that our knowledge of this im- 
portant branch of physics is extremely imperfect.'' 

13(4 Oetober, 1761. 
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It may be proper likewise to explain in what 
manaer Hailey proceeded to represent the magnetic 
declinations in the chart which he constructed for 
the year 1700, that if you should happen to see it, 
you may comprehend its structure. 

First, be marked at every place the declination of 
the magnetic needle, such as it had been there ob> 
fierved. He distinguished, among all these place*, 
those where there was no declination, and found 
that they all falliiia certain line, which he calls the 
line ojno declination, as everywhere under that lintt 

* Vary uithi ind Inwmllnf ehna. boh oftM TutUMn Ukllbe Apof 

CbrUiUnli UNiKwiy.iind mibliibsl In hli iHTitilt nioik <ib AaMit. 
nail«ii«rilKEinb. Mr. Htmim-s cbim will tn ftxind in Oa Al(>- 
tmgk fXIni^Wml jQunal, ml. It. p. X».~a. 
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(here ms then none. This line wu neither a me- 
ridian nor a parallel, but ran in arery oblique direc- 
tion over North America, and lelt it near the coasts 
of Carolina; thence it bent its course across tho 
Atlantic Ocean, between Africa and America. Be- 
ndes this line, he discorercd likewise another in 
which the declination disappeared ; it descended 
through the middle of China, and passed from thence 
through tho Philippine Isies and New-Holland. It 
is ea^ to jndge, from the track of these two Unes, 
that they ha*e a communication near both poles of 
theriobe. 

HavinK fixed these two lines of no declination, 
Mr. Halley remarked that everywhere between the 
first and last, proceeding from weat to east, that is, 
through all Enrope, Africa, and almost the whole of 
Asia, the declination waa westerly: and that on the 
other side, between thoae lines, that is, over the 
whole Pacific Ocean, it was easterly. Alter this, 
he observed all the places in which the declination 

s 5 degrees west, and found he could still con- 



veniently draw a line through all these places, which 

he calls the line of five degrees aest. He found like- 

« two lines of this description, the one of which 



accompanied, as it were, the lirst of no declination, 
and the other the last. He went on in the same 
manner with the places where the dechnation waa 
10° ; afterward 15'', 30°, Ac. ; and he saw that these 
linea of great declination were confined to the polar 
regions ; whereas those of small dechnation encom- 
passed the whole globe, and passed through the 
equator. 

In fact, the declination scarcely ever exceeds 1&° 
on the equator, whether west or east; but on ap- 
proaching the poles, it is possible to arrive at places 
where the declination exceeds 68° and 00°. There 
are undoubtedly some where it is still greater, ex- 
ceeding even 00°, and where the northern extremitr 
RS 
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of the needle will consequently torn about and point 
aonthwurd.* 

FinaUy, having drawn similar lines through the 
places where the declination waseastwHid 10°, 15°, 
90°, and BO on, Mr. HaUey (iUed up the whole chart, 
which represeated the entire suTface of the earth, 
under each or which lines the dechnation ia UDiver' 
sally the same, provided the observattonB are not 
erroneous. Mr. HaUiy has acconUagly scrupulously 
abstained ttom continuing such lines beyond the 
places where observations had actually been made: 
(or this reason the greater part of his chart is s 
blank. 

Had we such a chart accurate and ooinplete, wo 
should see at a glance what declination must lia*a 
predominated at each place at the time for wliich 
the chart was constructed ; and though the place in 
question should not be found precisely under one 
of the lines traced on the chart, by comparing it 
with the two tinea between which it might be eitu* 
ated, we could easily calculate the intermediate 
declination which corresponds to it. K I found my 
present place to be between the lines of 10° and 16° 
of western declination, 1 should be certain that the 
declination there was more than 10°, and leas than 
16° ; and according as I might be nearer the one or 
the other, I could easily find the means which would 
indicate the true declinalion. 

From this you will readily comprehend, that if wa 
had such a chart thus exact, it would assist ua in 
discovering the loiwitude, at least for the time to 
which it corresponded. In order to explain this 
method, let us suppose that we are poaeesaed of a 
chart constructed for tlie present year, we would see 
on it, first, the two lines drawn through the places 

* ThM wu Ibund To b* Eba cue Ln lll« ToyuH of Captain Rott tod 
Cosfiin Parrf, On Ilw S.E. polni of Byim Manln'i Iilind.lnom 
Ion, IU° M'. ud nonh lu. fV V, Ita nrUIkm ma IM" W mm, 
kntiif kwi 1SS° to- WHI In waM kn.«l* ir, •«! BBrU IU.T4* W.— 2f 
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where there is no declination ; then the two where 
it IB 5°, 10°, )S°, 30°, both east and vrest : let ns fur- 
ther auppoBC that, for the greater exactnesa, these 
Unea were drawn from degree to degree, and that I 
found myself at a certain place on sea, or in an un- 
known country, I would in the first place draw a me- 
ridian line, in order to ascertain how much my com- 
pass devitUed from it, and I should find, for example, 
-that the declination is precisely 10° east; I should 
Ihen take my chart, and look for the two lines under 
which the dedination is 10° east, fully assured that 
1 am under the one or the other of these two lines, 
which must at once greatly reUeve my uncertainly. 
Finally, I would observe the height of the pole, 
which being the latitude of my place, nothing more 
would remain but to mark, on the two lines men- 
lioned, the points where the latitude is the same 
with that which 1 have just observed, and tiien all 
fuy oncertainty ia reduced to two points very dis- 
ttnt from each other i now the circumstances of my 
voya^ would easily determine which of thoae two 
fdacea is that where 1 actually am. 

You will admit that if we had charts such as I 
have described, this method would he the most com- 
modious and accurate of all for ascertaining the 
longitude ; but this is precisely the thing we want; 
and as we are still very far from having it in our 
power to construct one for the time past, which 
would be of no use for the present time, for want of 
a sufficient number or observations, we are still less 
instructed resMctifig all the changes of declination 
which every place undergoes in the lapse of tine. 
"Hie observations liithcrto m.-id6 assure ua that cer- 
tain places are subject to very cmisiderable Varia- 
tiooa, and thit osiers scarcely undergo any, in the 
same interval of time ; which strips us of all hope 
•of ever being able to profit by this method, howerv 
^setOitat it may be ia itself. 

17ti Octaber, 17S1. 
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WJu/ doe* the Magnetic Netdle affect, m m*ry Plaea of 
the Earth, a certain Direction, differing in differtnt 
Placei ; and for what Reason doer it change, wtk 
TwK, at the lame Place t 

Yon will ondoubtedly have the curioeity to be in- 
fonovd why magnetic needles affect, at every [dace 
Dn the fflotw, a certain direction ; why this direction 
is not the same at different places ; aind why, at the 
same place, it changes with the couree of time. I 
shall answer these important inquirieB to the best 
of my ability, though, 1 fear, not so much to your 
satistBction as I could wish. 

I remark, first, that magnetic needles have this 
property in common with all magnets, and that it is 
only their form, and their being made to balance aitd 
revolve freely on a pivot, which renders it more con- 
spicuous. The loadstone, suspended by a thread, 
tnms towards a certain quarter, and when put in a 
■mall vessel to make it swim on water, the veaael 
which supports the loadstone will always affect > 
certain direction. Every loadstone littea with two 
opposite poinis, the one or which is directed to the 
north, and the other to the sonth, will be subject to 
the same variations as the magnetic needle. 

These points are very remarkable in all load- 
stones, as by them iron is attracted with the greatest 

They are denominated the polet of a loadstone — a 
tenn borrowed from that of the poles of the eaith, 
or of the heavens ; because the one has a teodeii 
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iiiinewas imposed, the declination had not yet been 
obaerred. That pole of the loadstone which is di- 
lectod northward is called its north pole, and that 
which points southward its south pole, 

1 have already remarked, that a magnetic needle, 
js well as the toiidstoneitseir, assumes this situation, 
which appears natural to it only when removed 
from tho vicinity of another loncfstone, or of iron. 
When a magneiic needle is placed near a loadstone, 
ila situation is regulated by the poles of that load- 
stODe: sothatthenorthpoleofthe loadstone attracts 
the southern extremity of the needle ; and recipro- 
■cally, the south pole of the loadstone the northern 
extremity or the needle. For this reason, in refer- 
ring one loadstone to another, we call those the 
friendly poles which bear different names, and those 
the boatile which have the same name. This prop- 
erty is aingularlv remarkable on bringing twoload- 
■ttmes near each other ; for then we find, that not 
only do the poles of different names mutually nttrsct, 
but that those of the same nanie shun and repel each 
other. This is still more conspicuous when two 
ma^etic needles are brought within the sphere of 
mutual influence. 

In order to be sensible of this, it is of much im- 
poitance to consider the situation which a magnetic 
needle assumes in the vicinity of a loadstone. 

The bar AB, Fig. Ill, represents a Ir-^ - 
Fig. 111. 
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wboee north pole is B, and the south pole A : yon 
see variOHB positions of the magnetic needle, under 
the figure or an arrow, whose extremity marked b is 
the north po]e, and a the south. In aU these posi- 
tions, the eitremity i of the needle is directed to- 
wards the pole A or the loadstone ; and the extrem- 
ity a to the pole B. The point c Indicntes the pivot 
on which the needle revolves ; and you have only to 
consider the figure with some attention in order to 
determine what situation the needle will assume, in 
whatever position round the loadstone the pivot c ia 
fixed. 

If there were, therefore, Bujrwbere a very large 
loadstone AB, the magnetic needles placed round it 
would assume at every place a certain situation, as 
we see actually to be the case round the globe. 
Now if the globe itself were that loadatoHe, we uioiikt 
comprehend why the ma^etic needles ererywhere 
assomed a certain direction. Naturalists, accord- 
in^y, in order lo explain this phenomenoi), maintain 
that the whole globe has the property of a macnet, 
or that we ought to consider it as a prodigious load- 
stone. Some of them allege, that there is at the 
centre of the earth a very large loadstone, which haa 
exercised its influence on all the ma^etic needles, 
and even on all the loadstones, which are to be 
found on the surface of the earth ; and that it is this 
influence which directs them in every place, con- 
formably to the directions which we observe them 
to assume. 

But there is no occasion to have recourse to a 
loadstone concealed in the bowels of the earth. Its 
surface is so replenished with mines of iron kbA 
loadstone, that their united force may well supply 
the want of this huge magnet. In fact, all loadstones 
«re extracted from mines — an infalUble proof that 
these substances are found in great abuodance in the 
jbowels of the earth, and that the union of all their 
powers fiimishes the general force which prodocca 
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an the magnetical phenomena. We are likewise 
enabled thereby to explain why the magnetic decU- 
natioa cfaangea, with time, at the same place ; for 
it is well known that mineH of every kind of metal 
are anbject to perpetnal change, and particularly 
those of iron, to wtiich the loadstone is to be re- 
ferred. SometimeBironiBgeneraied.andBometimes 
it is destroyed at one and the same place ; there «e 
accordin^y at this day minei of iron where there 
were none fomiertv ; and where it was formerly 
found in peat abundance there are now hardly any 
traces of it. This is a sufficient proof that the total 
maas of loadstones contained in the earth is under- 
go'aig very considerable changes, and thereby un- 
doubtedly the poles, by which the maenctic declina- 
tion ia related, likewise change with the lapse of 
time. 

Here, then, we must look for the reason why llw 
magnetic declination is subject to changes so con- 
siderable at the same place of the globe. But this 
rery reason, founded on the inconatancy of what is 

Kssing in its bowels, affords no hope of our ever 
ing able to ascertain the magnetic declination be- 
forehand, unless we could find the means of sobject- 
ing the changes of the earth to some fixed law. A 
long series of observations, carried on throng 
Mveral ages successively, might possibly throw 
some light on the subject. 
aOtA Octobtr, 17S1. 
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TnoBs who allege that the earth contains in its 
womb a prodigious loadstone, like a stone with a 
kanel tn fhiit, are under the ncceaaity of admitting, 
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in order to explain the magnetic declination, that this' 
stone ia auccesaively shifting ita eituation. It miMA 
in that case be detached rrom the earth in a]l its' 
parts; and as its motion would undoubtedly foUow 
a certain law, we might flatter ourselves with the 
hope of one day discovering it. But whether there 
be such amagnetic atone within the earth, or whether 
the loadstones scattered up and down through its 
entrails unite their force to produce tlic magnetical 
phenomena, we may always consider the earth itself 
as a loadstone, in subserviency to which every par- 
ticular loadstone, and all magnetio needles, assame 
their direction. 

Certain naturalists have enclosed a very powerful 
maicnet in a globe, and having placed a m^etic 
needle on its surTace, observed phenomena similar 
to those which take place on the globe of the earth, 
byplacing the magnet within the globe en several 
different positions. Now, considering the earth as a 
loadstone, it will have ita magnetic poles, which must 
be carefully distinguished from the natural poles 
round which it revolves. These poles have nothing: 
in common between them but the name; but it i» 
from the position of the magnetic poles relatively 
to the natural that the apparent irregularities in the 
magnetic declination proceed, and particularly of 
the lines traced on the j^obe, of which I have en- 
deavoured to give you some account. 

In order more clearly to elucidate this subject, I 
remark, that if the magnetic poles exactly coincided 
with the natural, there would be no declination all 
over the earth ; magnetic needles would univerBaUy 
point to (he north precisely, and their position would 
be exactly that of the meridian line. This would no 
doubt be an unspeakable advantage in navigation, as 
we should then know with preciaio:) the course of 
the vessel and the direction of the wind; whereas 
at present we musi always look for the declinatioB 
of the CMDpass b^bre w« an ^e to detetMiw Ita 
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true quarters of the wortd. ' But then the compass 
could furnish no assiatiufce towards ascertaining the 
>i>ngitude,anobjecl which the declination may sooner 
or later render attain iible. 

Hence it may be concluded, tiiat if the magnetic 
poles of the earth differed very greatly from the - 
natural, and that if thev were directly opposite to 
each other — which would be the case if ibe mag- 
netic axis of the earth, that is, the straight line 
drawn from the one magnetic pole to the other, 
passed through the centre of the earth — then mag- 
netic needles would universally point towards these 
magnetic poles, and it would be easy to assign the 
magnetic direction proper to every place; we should 
only have to draw for every place a circle which 
should at the same time pass through the two mag' 
netic poles, and the angle which this circle would 
make with the meridian of the same place must give 
the magnetic declination. 

In this case, tlie two lines under which there is no- 
declination would be the meridians drawn through 
tfie magnetic poles. But as we have seen that, in 
reality, these two hoes without declination are not 
meridians, but take a very unaccountable direction, 
it is evident (hat no such case actually tak^s place. 
HaiUi/ clearly saw this difficulty, and therefore 
thoi^t himself obliged to suppose a double load- 
stone m the bowels of the earth, the one fixed, the 
other moveable ; of cmsequence, ho was obliged to 
admit four poles of the earth, two of them towards 
the north and two towards the south, at unequal dis- 
tances. But this hypothesis seems to me rather a 
t)old conjecture ; it by no means follows, that be- 
cause these lines of nodeclination are not meridians, 
there must be four magnetic poles on the earth ; but 
rather, that there are only two, which are not directly 
Apposite to each other: or, which comes to the same 
thing, that the magnetic axis does not pass through 
tiie centre of the earth. 
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It remains, therefore, that we consider the cases 
in which these two magnetic poles are not directly 
opposite, and in which the m^etic axis does not 

EasB Ihrough the centre of the earth ; for if we em- 
race the hypothesis of the magnetic nnclens within 
the earth, why should one of its poles be precisely 
opposite to the other! This nucleus may very 
probably be not exactly in the very centre of the 
earth, but at a considerable distance from it. Now, 
if the masnetic poles are not diametrically opposite 
to each other, the lines of no declination may actually 
assume a direction ainiilar to that which, from ob- 
•ervation, we find they do ; it is even possible to 
assign to the two magnetic poles such places on the 
earth, that not only these hnes should coincide with 
observation, but likewise, for every degree of decli- 
nation, whether western or eastern, we may find 
lines precisely similar to those which at first seemed 
BO unaccountable. 

In order, then, to know the state of magnetic 
declination, ail that is requisite is to fix the two 
magnetic poles; and then it becomes a problem in 
geometry to determine the direction of all the lines 
which I mentioned in my preceding Letter, drawn 
for every place where the declination is the same: 
by such means, too, we should be enabled to rectify 
these lines, and to fill up the countries where no 
observations have been made ; and were it possible 
to assign, for every future period, the places of the 
two magnetic poles on the globe, it would undoubt- 
edly prove the most satisfactory solution of the 
problem of the longitude. 

There is no occasion, therefore, for a double toad- 
stone within the earth, or for four magnetic poles, in 
order to explain the decUnation of magnetic needles, 
as Hallfy supposed : but for a simple magnet, or two 
masnetic poles, provided its just place is assigiMd to 
eaui.* It appears to me, that, from this refiectioo. 
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we are much more advanced Id our knowledge Oi 
magoetiam. 

ailh Oclobtr, 1761. 



LETTER hX. 

Inclinatum or Dip of Magitetie Needles. 

YoD will please to i«collect, that on robbing a 
needle agaiost the laadstone, it acquireB not onlv the 
property of pointing towards a certain point or the 
horizon, but that its northern extremity ainka, aa if 
it had become heavier, which obliges us to diminiah 
its weight somewhat, or to increase that of the other 
extremity, in order to restore the equilibrium. I 
have, without putting this in practice, made several 
experimenta to ascertain how far the magnetic force 
brought down the northern extremity of the magnet- 
ized nebdle, and 1 have found that it sank so as to 
make an angle of 73 degrees with the horizon, and 
" ' .n this situation the needle remained at rest. It 



is proper to remark, that these experii 
mm* at Berlin about six years ago ; ror I ahall show 
jou afterward, that this direction to a point below 
the horizon is as variable as the magnetic declina- 
tion. 

Hence we see that the magnetic power produces a 
double effect on needles ; the one directs the needle 
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towards a certain quarter oC the horizon, the dem- 
tion of which from the meridian line ia what we 
call the magnetic declination ; ihe other impreaaea on 
it an inclination towards the horizon, stinking the one 
or the other extremity under it up lo a certain angle. 

Let d e. Fig. 1 12, be the hori- 
zontal line, drawn according to 
the niBEnetic declination, and 
the nee£e will assume, at Ber- 
Un, the situation i a, which 
makes with the horizon ij e the ^ 
angle d c b, ot e c a, which is 
72°, and consequently with the 
vertical / ^ an angle b c g, or 
acf, of 18°. This second effect 
of the magnetic force, by which 
the magnetic needle affects a certain mclina- 
tion towards the horizon, is as remarkable as the 
first; and as Ihe first is denominated the magnetic 
declinatioH, the second is known by the name of 
magnetic tncHnalien or dip, which deserves, as well 
as the declination, to be everywhere observed with 
allpossible care, as we lind in it a similar variation. 
The inclination at Berlin has been found 78' ,• at 
BSale only 70°, the northern entremity of the needle 
i)eingsunK,and the opposite, of consequence, raised 
to that angle. This takes place in countries which 
are nearer to the northern magnetic pole of the 
earth ; and in proportion as we approach it, the 
greater becomes the inclination of the magnetic 
needle, or ihe more it approaches the Tertical line ; 
BO that if we could reach the magnetic pole itself, 
the needle would there actually assume a vertical 
Bituation; its northern extremity pointing perpen- 
dicularly downwards, and ils southern end upwards.f 




on THE lUONETIC NBEDLX. SOB 

The farther, on the contrary, you remove firom tbe 
northern magnetic pole of the earth, and approach 
the southern, the more the inclination diminishes; 
it will at lencfth disappear, and the needle will assume 
a horizontal position, when equally distant ftom both 
poles ; but in proceediiis towards the south pole of 
the earth, the southern extremity of the neeole will 
sink more and more under the horizon, the northern 
eztremitv riain^ in proportion, till at the pole itself 
tte needle again becomes vertical, with the south- 
em extremity perpendicularly downwards, and the 
northern , up ward s . 

It were devoutly to be wished that experiments 
had been as caretully and as generally made, with 
the view of ascertaining the magnetic mclination as 
of determining the declination ; but this important 
article of expenmental philosophy has hitherto been 
too much neglected, though certainly neither less 
curious nor less interesting than that of the declina- 
tion. This is not, however, a matter of surprise : 
experiments of this sort are subject to too many 
difficulties : and almost all the methods hitherto at- 
tempted of ofaserving the magnetic inclination have 
failed. One artist alone, Mr. Diterich, at BSsle, has 
succeeded, having actutdly constructed a machine 
proper for the purpose, under the direction of the 
celebrated Mr. DaniEl Bemtniilli. He sent me two 
of the machines, by means of which I have observed, 
at Berlin, this indination of 79 degrees ; and how- 
ever curious in other respects the English and 
French may be in prosecuting such inquiries, they 
have put no great value on Mr. Dilerieh'i machine, 
ttoog^ it is Hie only one adapted for this purpose.* 
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This instance demonslTatea how the prt^reBs of 
science may be obstructed by prejudice ; henoe 
Berlin and BSsle are the only two places on the 
globe where tlie magneiic inchnalion is known. 
Needles prepared for the coiistruction of com- 



pasecs are by no means proper to indicate the quan- 
tity of magnetic inclination, though they may cc 
a rough idea of its effect, because the norther 



treniity in these latitudes becomes heavier. In order 
to render serviceable needles intended to discOTer 
the declination, we are under the necessity of de- 
stroying the elTcct of the inclination, by diminiBhing 
the weight of the northern extremity, or increaainf 
that of the southern. To restore the needle to a 
horizontal position, the last of these method* is 
usually employed, and a small morsel of wax is 
affixed to the southern extremity of the needle. 
You are abundantly sensible that this remedy applies 
only to these regions of the globe where the inoli- 
natory power is so much, and no more; and that 
were we to travel with such a needle towards the 
northern magnetic pole of the earth, the inclinatary 
power would increase, bo that to prevent the effect 
we should be obliged to increase the quantity of 
wax at the southern extremity. But were we travel- 
ling southward, and approaching the opposite pole 
of the eanli, where the inclinatory power on the 
northern extremity of the needle diminishes, the 
quanlity of wax amxed to the other extremity muat 
tnen likewise be diminished i after tlrat it lunst be 
taken away altogether, being wholly useless when 
yre arrive at places where the magnetic inclination 
disappears. On proceeding still forward to the south 
pole, the southern extremity of the needle sinks ; so 

^luledM an irhcn rbe Im lurf « lieMionial po(lilaii.~a« iba £4aF 
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that to remedy this, a morsel of was tnnst be affixed 
to the northern extremity of the needle. Such are 
the means employed in long voyages to preaervQ 
the compass in a horizontal position. 

In order to observe the magnetic inclination, it 
would be necessary to have instruments made on 
.purpose, similar to that invented by Ihe artist or 
Bi»e. His instrument is called (he inclinatm-y ; hut 
.there is little appearance of its coming into general 
Vse. It is still less to be expected that we should 
Boon ha»e charts constructed with the magnetic in- 
clination, similar to ihose which represent the decli- 
nation. The same method might easily be followed, 
t^ drawing lines through all the places where the 
magnetic inclination is the same : so that we should 
have lines of no inclination ; afterward other lines . 
where the inclination would be 5°, 10°, 15°, 20°, and 
so on, whether northward or southward.* 

S7rt October, 1781. 
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True Magnetic Direction ; subtile Matter wludt 
produce! the Magnetic Power- 
In order to form a just idea of the effect of the 
earth's magnetic power, we must attend tt once to 
the declination aJid inclination of the magnetic 
needle, al every place of the globe. At Berlm, wc 
know the declination is 15° west, and the inclination 
of the northern extremity 73°. On considering 
this donble effect, the declination and inclination, 
we shall have the true magnetic direction for Berlin. 
We draw first, on a horizontal plane, a line which 
shall make with the meridian an angle of 1S° west, 
.and thence descending towards the vertical line, we 

• ShNoWodMucLVI. 
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trace a new line, which shall make with it an an^e 
of 72° ; and this will give us the magnetic dlrectioit 
for BerLn : rrom which you will comprehend how 
the magnetic direction for eveiy other place is to 
be ascertained, provided the inclination and declina- 
tion are known. 

Every magnet exhibits phenomena altogether 
similar. You have only to place one on a tabla 
covered with filings of steel, and you will see th« 
filings arrange themselves round the loadstone A B; 
neany asrepresentedinH^. 113, j^. ] 

in which every particle of the _-:^™= 

filings may be considered as a 
small magifelic needle, indicating J 
at every point round the load- 
stone the magnetic direction. 
This experiment leads us to in- , 
quire into the cause of all these 
phenomena. 

The arrang'emcnt assumed by the steel filings 
leaves no room to doubt that it is a subtile and 
invisible matter which runs throvg'h the particles or 
the steel, and disposes them in the direction which 
we here observe. It is equally clear that this sub- 
tile matter pervades the loadstone itself, entering at 
one of the polea, and going oat at the other, bo as 
to form, by its continual motion round the loadstone, 
a vorlftx wjiieh reconducts the subtile matter from 
one pole to the other; and this motion is, without 
doubt, extremely rapid, 

The nature of the loadstone consists, then, in a 
continual vortex, which distinguishes it from all 
other bodies; and the earth itself, in the quality of 
a loadstone, must be surrounded with a simitar toi^ 
tex, acting evenrwhere on magnetic needlea, and 
making continual efibrts to dispose them according 
to its own direction, which is the same I fotraerij 
denominated the maenetic direction: this subtile 
natter is continually tssuing at one of the nugnetic 
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pcriea of the earth, and after having peiformed a 
circuit rouQd to the other pole, it there enters, and- 
pervades the globe through aiid through to the oppo- 
site pole, where it again eacapea. 

We are not yet enabled to determine by which of 
the two magnetic poles of the earth it enters or 
isBuee; the phenomena depending on this have such 
a perfect resemblance, that ihey are indistinguishable. 
It is undoubtedly, likewise, this ceneml vortex of 
the globe which supplies the subtile matter of every 
particular loadstone to magnetic iron or steel, and 
which keeps up the particular vortices that surround 

Previous to a thorough investigation of the nature 
-of this subtile matter, and ila motion, it must be re- 
marked, that its action is confined to loedston^iron, 
and steel ;' all other bodies are absolutely indifferent 
to it: the relation which it bears to those mnst 
thorefore be by do means the same which it bears to 
others. We are warranted to maintain, from mani- 
fold experiments, that this subtile matter freely per- 
vades all other bodies, and even in all directions. 
for when a loadstone acts upon a needle, the action 
is perfectly the same whether another body inter- 
poses or not, provided the interposing body is not 
iron, and its action is the same on the filings of iron. 
This subtile matter, therefore, must pervade all 
bodies, iron exceptwl, as freely as it does air, and 
even pure ether; for these experiments succeed 
equally well in a receiver exhausted by the air-pump. 
This matter is consequently different from ether, 
and even much more subtile. And, on account of 
' the general vortex of the earth, it may be affirmed 
that the globe is completely sunounded by it, and 
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freelv pervaded, ae all other bodies are, ezceptinr 
the loadstone and iron; for this reason iron and 
steel mny be denominated magnetic bodies, to dis- 
linguish them from others: 

But if this magnetic matter passes freely throngfa 
all non-magnetic bodies, vhat relation can it have to 
those which are suoh 1 We have just observed, that 
the magnetic vortex enters at one of the poles of 
every loadstone, and goes out at the other; whence 
it may be concluded that it freely pervades loAd- 
atones likewise, which would not distingniBh them 
from other bodies. But as the magnetic matter 
passes through the loadstone only from pole to pole, 
this is a circumstance very different from what takes 
place in others. Here, then, we have the distinctive 
'character. Non-magnetic bodies are freely pervaded 
by the magnetic matter in all directions : loadstones 
are pervaded by it in one direction only ; one of the 
poles being adapted to its admission, the other to 
Its escape. But iron and steel, when rendered 
magnetic, fiilfil this last condition ; when ihey ue 
not, it may be affirmed that they do not grant a 
free transmission lo the magnetic matter in any 
direction. 

This may appear strange, as irtm has open pores, 
which transmit the ether, though it is not so auhtile 
Bs the magnetic matter But we must carefiiUr dis- 
tinguish a simple passage, from one in which the 
magnetic matter may pervade the body, with all Ha 
rapidity, without encountering any obstacle. 

31il October, 1761. 



LETTER LXII. 

JVofure of the Magnetic Matter, and of its rapid CurrraL 
Magnetic CanaU. 

I AM very far from pretending to explain perTectly 
the phenomena of magnetism ; it presents difficulties 
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irtiich I did not find in thoae of eleetricitj. The 
cause of it undoubtedly is, that electricity consists in 
too ^reat or too small a degree ol compression of a 
aiibtile fluid which occupies the pores of bodies, 
without supposing that subtile fluid, which is the 
ether, to be m actual motion : but magnetism cumot 
be explsiued unless we suppose a vortex in rapid 
agitation, which penetrates magnetic bodies. 

The matter which constitutes these vortices is 
likewise much more subtile than ether, and freely 
pervades the pores of loadstones, which are imper- 
vious even to ether. Now, this magnetic matter is 
diffused through and mixed with the ether, as the 
ether is with gross air; or, just as ether occupies 
and fills up the pores of air, it may be affirmed that 
the magnetic matter occupies and (ills the pores of 

I conceive, then, that the loadstone and iron have 
pores BO small lha.1 the ether in a body cannot force 
Its way into them, and that the magnetic matter 
alone can penetrate them : and which, on being ad- 
mitted, separates iiself from the ether by what may 
be called a kind of filtration. In the pores of the 
loadsto:ie alone, therefore, is the ma^etic matter to 
be found in perfect purity: everywhere else it is 
blended with ether, as this last is with the air. 

You can easily imagine a series of fluids, one 
always more subtile than another, and which are 
perfectly blended together. Nature furnishes in- 
stances of this. Water, we know, contains in its 
pores particles of air, which are frequently seen 
discharging themselves in the form of small bubbles : 
air again, it is equally certain, contains in its pores a 
fluid incomparably itiTC subtile — namely, ether — and 
which on many occasions is separated from it, as in 
electricity. And now we see a still further progres- 
■ion, and that ether contains a matter much more 
ndWilB than itself— the magnetic matter^which may 
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perhape contain, in its turn, others still more subtOiBr 
at least this is not impossible. 

Having considered the nature of this magnetic 
matter.let us see how the phenomena are produced, f 
consideraloadscone, then; andsay, first, tl|at besides 
a great many pores filled with ether, like all other 
bodies, itcontains some still mnch more narrow, into 
which the magnetic mailer alone can find admission. 
Secondly, these pores are disposed in such a manner 
as to hare a communication with each other, and 
constitute tubes or canals, through which the mag- 
netic matter passes from the one extremity to the 
Other. Finally, thismattercan be transmitted through: 
these tubes only in one direction, without the posei- 
bility of returning in an opposite direeUon. This 
moat essential circumetaoee requires a 
more particular elucidation. Fig. 114, 

F^rst, then, I remark, that the veins 
and lymphatic vessels in the bodies of 
animals are tubes of a similar con* 
slruction, containing valves, represented 
in Fig. 114, by the strokes m n, which, 
by raising themselves, grant a free pas- 
sage to the blood wlieii it flows from 
A 10 B, and to prevent its reflux from B 
to A. For if the blood attempted to flow 
ttom B to A, it woulil press down the- 
Bioveable extremity of the valve m on the 
side of the vein 0, and totally obstruct 
the passage. Valves are thus employ^ 
in aqueducts, to prevent the reflux of tiie 
water. 1 do not ctAsider myself, theiiT 
as supposinguny thing contrary 10 natiir«, 
when Isay thni the canals in loadstones, 
which admit the magnetic matter only, 
are of the same construction. 
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Pig. 116, representB this DiBgnetic caul, JV.llB. 
according to my id»a of it. 1 concein it- 
fumiBhed inwardly vith brietlea directed • i 
from A towards B, which praseot no oppo- ^v^ 
sitiea to Qie magnetic matter in ita passage 
from A to B, for in this case they open of 
tbanMelreB at n, to let the matter pass at 

. 01 bst they would immediately obetnict the 
channel were it to attempt a retiogrede 
course from fi to A. The nature of mag- 
netic canals consists, then, in granting 
admission to the m^rnetic matter only at 
A, to flow towards S, without the possi- 
bility of returning in tha (^>pOBite dir^tion 
from B towards A. 

This conatmction enables ue to explain 
bow the magnetic matter enters into these 
tubes, and flies through them with the great- 
est rapidity, even when the whole ether is 
in a state of perfect rest, which is the most 
surprising; iorhowcanamotionso rapid be , \*/ „ 
prodneed • This will appear perfectly clear 
to you, if you will please to recollect that ether is a 
matter extremely elastic ; accordingly, the magnetic 
matter, which is scattered about, will be pressed by 
it on every side. Let us suppose the magnetic canal 
A B still quite empty, and that a particle of jnagnetic 
matter m presents itself at the entrance A ; and this 
particle pressed on every aide at ^e opening of tbe 
canal, into which the ether cannot force admission, 
it will there be pressed forward withprodigioos force, 
and enter into the canal with equal rapidity : another 
partide of magnetic matter will immediately present 
itself, and be driven forward with the same force ; 
and inhke manner all the following particles. There 

. wilt thence result acoatinual Sm of ma^etic matter, 
which, meeting with no obstruction m this canal, 
will escape from it st B with the seme npidity that 
it enters at A. 
Vol. II.— T 




Aonm or HAamn 



great nniltttnde of tbeae canala, which I denonnwtw 
magnetic; and it very taXan^ followa, that the 
magnetic matter diqwised m tM ether moat enter 

into them at ooe extremity, lad e "*■* — — - 

withlpreatitnpetacnity; tbati«,v 



the greateit diflicnkies which can occur in the ttieocy 
ofmagnetiem. 

3d Nmemia; 1761. 



LETTER l^III. 

Mggtulie Toriei. Action ofMagnxU i^toa each elktr. 

You hare nowaera in what the distinctive character 
of the loadstone- conaisu ; and that each coataiiw 
several canals, of which I have attempted to gire & 
deBcriptioo. 

Fig. lie representsa loadstone Fig. 116. 

A B, with tbrae magnetic canals 
a b, throuBh which the magnetic , 
matter wUI flow with the utiaost 
rapidity, entering at the eitremi- 
tiee DMiked a, and escaping at A> ^ 
■ those matked b: it will escape ~ 
indeed with the same rapidi^; 
bat immediately meeting with the 
ether blended with the grosser air, 
great obstmctions will oppose the contimtation of its 
motion in the same direction ; and not only will the 
motion be retarded, but its direction diverted towards 
the sides c c. The same thins will take place at the 
entrance, towards the extremities a a a; on account 
of the rapidity with which the particles of magnetic 
matter force their way into taem, the circiSation 
will qnicUy orertake those which are still toward* the 








oroN uca othu. aid 

wl«««e, and them in their tnni wiUberaiUu:ed by 
tAfise which, escaping from the extrenuties b & l, 
have been already diverted towaids c c ; so that the 
aaaie magnetic niatteT which issued Irom the ex- 
treuities bH quickly returns towardB those marked 
m a% performing the circuit icdea; aod this cir- 
culation round the loadatooe is nhat we call the 
fMgtittic portes. 

It must not be imagined, howerer, that it is always 
the same maffoetic matter which forms these vor- 
tices : a considerable part of it will escape, no doubti 
as well towards B as towards the sides, in performing 
the circuit ; but as a compensation, (resh magnetic 
matter wiU enter hy the extremities a a a, so that the 
matter which constitutes the vortex is succeiWeoua . 
and ve^ variable: a magnetic vortex, t 



the loaiutone, will, however, always be kept up, i 
produce the phenomena formerly observed in mil 
of steel scattered round the loadstone. 



You will please further to attend to this circum- 
stance, that the motion of the magnetic matter in 
the vortex is incomparably slower out of the load- 
stone than in the magnetic tubes, where it is sepa- 
rated fi^om the ether, aRer having been forced into 
them by alt the elastic power of this last fluid; and 
that on escaping it mixes again with the ether, and 
thereby loses great part of its motion, so that its 
vebeity in travelling to the extremities a a a is incom- 
parably less than in the msgnetic canals a h, though 
still v«^ great with respect to us. You will easily 
. comprehend, then, that the extremities of the roag< 
netic canals, by which the matter enters into the 
loadstone aM esc^>es from it, are what we call its 
poles \ and that the magnetic poles of a loadstone 
are by bo means mathematical points, the whole 
apace in which the extremities of the magnetic canals 
terminate being one magnetic pole, as m the load- 
stone represemed by ^. 113 (p. 919), where th0 
irfaole wfaces A and B are the two poles. 
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Now, though these pol«s are distinguished by the 
terms north and imth, yet we cannot afiinn with cer- 
tainty whether it is by 1he north or south pole that 
the magnetic matter enters into loadstones. You 
will see, in the sequel, that all the phenomena pro- 
duced by the admission and escape have such a per- 
fect resemblance tliat it appears impossible to deter- 
mine the question by experiments. It is therefore 
a matter of indifTerence whether we suppose that 
the magnetic matter enlers or escapes by the north 
pole or by the soirth. 

Be this as it may, I shall mark with the letter A 
the pole by which the magnetic matter enters, and 
with B that by which it escapes, without pretending 
thereby to indicate which is north or south. I pro- 
ceed to the consideration of these vortices, in order 
to form a judgment how two loadstones' act upon 
euh other. 

Let UH suppose that the two htadatones A B and 

' "■ nted to jrv™ 117 

) of the ^.,jlZ L ■ 
. ; and their ^ r' r ^ 
Tortices will be in a state of » b -*K c> k '"^m 
total opposition. The mae- \^ } ' 7 
netic matter which is at C y""^ ^ — 
will enteral A and a, and these 
two vortices attempting mutually to destroy each 
other, the matter which proceeds by E to enter at A 
will meet at D that of the other loadstone returning 
by e to enter at a : from this must result a collision 
of the two Tortieea, in which the one will repel the 
other; and this effect will extend to the loadstones 
themselyes, which, thus situated, undergo mutual 
repulsion. The same thing would take place if the 
two loadstones presented to each other the other 
poles B and b : for this reason the poles of the sune 
e are denominated hostile, because they actually 

) each other t)i& 





poles of s dilTeraBt name, aa oppouto effect will 
«ime, -and you will perceive that thej hare a mntnal 
attractioo. 

In Fig. lis, where Oe Fig. 11& 

two loadstones present to 
etch other the poles B and 
«, the magnetic matter j 
iriiich issues from the po)^ 
B,flndingimniediateijfree *' 
admission into the other 
loadstone by its pole a, 
will not be m*erted towards the eides in order to 
retain and re-enter at A,iMil will pass directly by C 
into the other loadstone, and escape from it at b, and 
wiH peribrm the circuit by the sides dd,\o re-enter, 
not fy the pole a, bnt l^ the pole A, of the other 
loadstone, comfdetinfftiie circuit by e/. Thus Uio 
Tttrtices of tluwe twoToadstones will umte, as if there 
were bat one ; and this vortex, being compressed on 
all sides by Ilie ether, will impel the two loadstones ' 
towards each oAer, so that they will exhibit a mutvial 



This is the reason why the poles of difierent names 
are ieaotcaaaied/ritnJly, and those of the same name 
ho$tiie, the principal phenomenon in magnetism, in 
as much as 4be poles of diflbrent names attract, asd 
those of the sane name repel each other. 

- ■ " ■ ', 17«1. 
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Hatob settled the nature of the loadstone in these 
canals -which the magnetic matter can pervade in 
only one direction, becanse tha valves tiiey contain 
fwevrat Hi ntnm in the contrary direction, yog eaq 
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no longer docbt that tbey are the continuation of 
those pores (see FSg. 116, p. SIT), whose filwCB 
point in the same direction ; so that several of these 
particles, being- joined in continuation, constitute one 
magnetic cand. It is not sufficient, therefore, that 
^ matter of the loadstone should contain many 
similar particles ; they must likewise he disposed in 
■DCh a manner as to form canals continued uom one 
extremity to the other, in order to grant an iminter- 
rnpted transmission to the magnetic matter. 

iron and steel, then, apparently contain such par- 
ticles in great abundance ; these are not, however, 
ori^nally disposed in tlie manner I have been de- 
scribing, hot are scattered over the whole mass, and 
this disBosition is all they want to become'real mag- 
nets. In that case, they still retain all their other 
qualities, and are not distinguishable from other 
masses of iron and steel, except that now they have 
besides the properties of the loadstone : a knife and 
a needle answer the same parposea, whether they 
bave or want the magnetic virtue. The change 
which lakes place in the interior, from the arrange- 
ment of the particles in the prder which maRnetism 
requires, is mit externally perceptible ; and toe iron 
or steel which has acquired the magnetic force is 
denominated an artificial magntt, to distinguish it 
from the natval, wliich resembles a stone, though 
the magnetic properties are the same in both. You 
will have a curiosity, no doubt, to t>e informed in 
what manner iron and steel may be brought to re- 
ceive the magnetic force, and so become artificial 
ms^ets. Nothing can be more simple ; and the 
vicinity of a loadstone is capable of rendenng iron 
somewhat magnetic: it is the magnetic vortex which 
produces this effect, even though the iron and load- 
stone shoiild not come into contact. 

However hard iron may appear, the particles which 
contain the magnetic pores formerly represented are 
^t,Tj pliant jn aubaunce, and the sniiMlest force is 



^ 
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snffloiflDt to changpe their Bitnation. The tnairnetic 
matter of the vortex, entering into the iron, will then 
eaaily dispoae the first magnetic pores which it 
meets following its own directions — those at least 
whose situation is not very different; and having nm 
through them, it will act in the same manner on the 
adjacent pores, till it has forced a passage quite 
through the iron, and thereby formed some magnetic 
canals. The figure of the iron contributes greatly 
to facilitate this change ; a lengthened figure, and 
placed in the same direction with the vortex, is most 
adapted to it, as the magnetic matter, in passing 
througii the whole length, disposes there a great 
many particles in their just situation, in ordier to 
form longer ma^etic canals ; and it is certain, that 
the more there is the means of rorming canals, and 
the longer they are without intemiption, Uie more 
rapid will be the motion of the magnetic matter, and 
the greater the magnetic force. 

It has likewise been reniarked, that when the iron 
placed in a magnetic vortex is violently shaken or 
struck, it acquires a higher degree of magnetism 
from this, because the minute particles are by auch 
concussion agitated and disengaged, so as to yield 
more easily to the action of tiie magnetic matter 
which penetrates them. 

Placmg accordingly a small Fig. 119. 

barof irona*, n^. 1 IB, in the 
vortex of the loadstone A B, 
Bothalitsdirectionmaynearly 
agree with that of the current 
rfc/of the magnetic matter, it 
win with ease pass through 
the bar, and form in it mag- 
netic canals, especially if at 
fte same time the bar is sha- ^ 

ken or struck to facilitate the 
transmission. It is likewise 
observable, that the magnetic matter which enten 
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at the pole A o( tbo loadstone, and escs^MS xt the 
pole B, wili enter the bar at the extremity a, and 



same with B. Then taking this bar a A out of tbe 
magnetic vortex, it will be an artificial magnot, 
though very feetde, which will supply ila own vor- 
tex, and preserve its magnetic power, as long as its 
magnetic canals shall not be interrupted. This will 
take place so much the more easily that the pores trf 
iron are pUanI ; thus the same circuraBtance which 



not so easily enfeebled, because the pores are mnch 
«loser,And more considerable efforts ok requisite to 
derange them. 1 shall go more taigely iino the de- 
tail aflerward. 

. I here propose to explain the manner of nuist 
naturally rendering iron magnetic4 thou^ the force 
which it thence acquires is very small, it will assist 
us in comprehending this remsrkaUe and almoM 
universal phenomenon. It has been observed, that 
tongs and other implements of iron which are 
usually placed in a vertical position, as well as bars 
of iron fixed perpendicularly on steeples, acquire in 
time a very sensible magnetic force. It has likewiae 
been perceived that a bar of iron, hamroeied in a 
vertical position or heated red-hot, on being plmiged 
into cold water in the same position, becomes some- 
what magnetic, without the application of any load- 
stone. 

In order to account for this phenomenon, you have 
only to recollect that the earth itself is a loadstone, 
and consequently encompassed with a msg^netio ror- 
tex, of which the decUnation and inclination of tba 
magnetic needle everywhere show the true direction. 
If then a bar of iron remain loiu in that position, 
there is no reason to be surprised should it become 
magnetic. We have likewise seen that the ii 
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tion or the magnetic needle is at Berlia 73 degrees ; 
and as it is nearly the same all over Europe, this 
inclination differs only 18 degrees Trom the vertical 

eaition; the verticHJ position, accordingly, differs 
t little from the direction of the ma^etic vortex ; 
3 bar of Iran, long kept in that poaition, will be at 
last penetrated with the magnetic vortex, and must 
consequently acquire a magnetic force. 

In other countries, where the incUnation is ini- 
perceptible, which is the case near the equator, it is 
not the vrrtLcal, but rather the horizontal position, 
which renders bars of iron magnetic ; for tbeir posi- 
tion must correspond lo the magnetic inclination^ if 
you would have them acquire a magnetic force. I 
speak here only of iron; steel is too hard for the 
purpose, and means more efficacious must be em- 
ployed to communicate the magnetic virtue to it.* 

lOCh NoBtmber, 1761, 
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LETTER LXV. 



Thodom the whole earth may be cotuidered as a 
*aat loadatone, and as eacomp^sed with a magnetic 
Tortez which eveiywbere directs the magnetic nee* 
die, its magnetic power is, however, vetv feeble, ani) 
mocb less than that of a very small loadstone : this 
appears very strange, consideriDg the eaormous 
magnitude of the earth. 

It arises undoubtedly from our rerjr remote dis- 
tance from the real magnetic poles of the earth, 
which, from every appearance, are buried at a great 
depth below the surface : now, however powerful a 
loadstone may be, its force is ooqsiderable only 
when it is very near ; and as it removes, that force 
gradually diminisheH, and at length disappears. For 
this reason the magnetic force acquired in time by 
masses of iron suitably placed in the earth's vortex 
is very small, and indeed hardly perceptible, unless 
it is very soft, and of a figure adapted to the produc- 
tion of a vortex, as has been already remarked. 

This effect is much more considerable near a load- 
stone of moderate size: small masses of iron epeedilj 
acquire from jt a very perceptible magnetic force — 
they are likewise attracted towards Ue loadstone ; 
whereas this effect is imperceptible in the earth's 
Toitex, and consists only in directing magnetic 
needles, without either attracting them or increaa- 
iog their weight. 

A mass of iron plunged into the vortex of a load- 
stone likewise preaente very curious phenomena, 
which well deserve a particular explanation. Not 
(»)ly is this mass at first attracted towards the load- 
•tone, but^t loo attnota other pieces trf iron. Let 
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of whick, at the pole B, is placed the masa of iron ■ 
C D| and it will M found that this last is capable of 




BapportitiK a bar of iron fi F. Appl7 aniin to this, 
st F, an iron ruler G H, in any position whatever, sajr 
horizontal, supporting it at H, and it will be found . 
that the nilet is not only attracted by the bar F, bnt 
likewise capable of supporting at H needles as I K, 
and that these needles again act on filings of iron 
L, and attract them. 

The magnetic force may thus be propagated to 
▼ery considerable distances, and even made to change 
its direction, by the different position of these pieces 
of iron, though it gmdually diminishes. You are 
perfectly sensible, that the more powerful the load- 
atone A B is of itself, and the nearer to it the first 
mass C D, the more considerable likewise is the 
efbot. The late J(r. (i( Afauf«rtiM had a large load- 
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atone 10 powerful that at die diatanceeveaof rtvcnl 
feet, the mMs of iron C D coatimied to exert a ver^ 
ootwidenble force. 

In order to explain these phenomena, yon hRve 
only to consider that the magnetic matter which 
escapes rapidly at the pole of the loadstone B enters 
into the mass of iron, and disposes the pores of it 
to form magnetic canals, which it afterward freely 
pervades. Id like manner, on entering into the bar. 
It will there too form magnetic canals — and so on. 
And as the magnetic matter, on issuing from on« 
body, enters into another, these two bodies must un- 
dergo a mutual attraction, for the same reason, as 
1 have before proved, that two loadstones, which 
present their friendly poles to each other, must be 
attracted ; and as often as we observe an attraction 
between two pieces of iron, we may with certainty 
conclude that the ma^etic matter which issues 
IVom the one is entering into the other, from the 
continual motion with which it penetrates these 
bodies. It is thus that, in the preceding dispositioa 
of thebaic of iron, the magnetic matter in iis motion 
pervades all of them ; and this is the only reason of 
their mutual attraction. 

The same phenomena still present themselves on 
turning the other pole A of the loadstone, by which 
the magnetic matter enters, towards the mass of 
iron. The motion in this case becomes retrograde, 
and preserves the same course; for the magnetic 
matter contained in the mass of iron will then escape 
from it, to pass rapidly into the loadstone, and in 
making its escape will employ the same efforts to 
arrange the pores in the mass suitably to the current, 
as if it were rapidly entering into the iron. To this 
end, therefore, the iron must be sufficiently soft and 
these pores phant to obe^ the efforts of the magnetic 
matter. A difficulty will no doiibt hero occur to 
you ; it will be asked, How do you account for the 
<^Uige of direction of the magnetic matter on enter- 
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ing into another bar of iron ; and wby a that direo- 
tion regulated according to the length of the bara, 
as ita course is represented in the ^nre t Tiiia is 
a Teiy important article in the theory of magnetism, 
and it proves how mach the figure of the pieces 
of iion contributes to the production of the magnetic 
phenomena. 

To elucidate this, it must be recollected that this 
subtile matter moves with the utmost ease in the 
magnetic pores, where it is st^arSted from the ether; 
and that it encounters very considerable obstacles 
when it escapes from them, with aJJ its velocity, to 
re-enter into the ether and the air. 

Let us suppose that the magnetic matter, after 
having pervaded the bar C D, Fig. 131, enters into the 
iron ruler E F, placed per- 
pendicularly. It would cer- Fig. 131. 
tainly, on its first admis- ^£f^.^ . . ..i^ ,^-^-„^.^ 
Bion, preserve the same ■■ | P=— v^=ss ^i^ -iwir^ 
direction, in order to es- 
cape at m, unless it found 
an easier road in which. to 
continue its motion; but 
meeting at m the great- 
est obstruction, it at first 
changes its direction, 
though in a very small' 
degree, towards F, where 
finding pores sdaptcd to 
the continuation of its motion, it will deviate more 
and more from its flrst direction, and travel thron^h 
the ruler E F in all ita length ; and, as if the magnetic 
matter were loath to leave the iron, it endeavours to 
continue ita motion there as'long as possible, avail- 
ing itself of the length of the ruler; but if the ruler 
were very short, it would undoubtedly escape at m. 
But the length of the ruler presenting it a space to 
run through, it follows the direction E F, till it is 
under the necessity of escaping at F, where all the 
. Vol. U.— U 
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nagDetic caoBls, formed aocordinK to the eams 
directioD, no lon^r permit lh« subtQe magnetic 
matter to change its airectioa and return along the 
raler; Uieae canala being not onlj filled with suc- 
ceeding matter, but, from their very natnre, incq»- 
ble of receiving motion in an opposite direction. 
Uth November, 1761. 



LETTER LXVl., 

Arming of Loadtbmtt. 

Yoi) have Jiut seen how iron may receive the 
magnetic current of a loadaloite, convey it to con* 
siderable distances, and even change its directiiMi. 
To unite a loadstone, therefore, to pieces of iron, is 
much the same with increasing its size, as the iron 
acquires the same nature with respect to the max- 
netic matter ; and it being further possible by such 
means to chanoe the direction of the magnetic cur- 
rent, as the poles are the places where Uiis matter 
enters the loadstone and escapes, we «re enabled to 
conduct the poles at pleasure. 

On this pnnciple is founded the arming, or mount-, 
ing, of loadstones — a subject well worHiy of ^oar 
attention, as loadstones are thus brought to a higher 
degree of strength. 

Loadstones, on being taken from the mine, are 
usually reduced to the figure of a parallelopiped, or 
rectangular parallelogram, with thickness as A A, B B, 
Pig. 199, of which the aur- jv. ISS. 

face A A is the pole by which > 
the maoTietic matter eni 
and BB that by which it .„ 
capes. It is Med, then, the | 
whole length A B with canals = 
e#, which the magnetic mat- 
ter, impelled by the elastic power of the ether, freeljr 
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aiulBB.Fig'. 133,thetwo 
poles of the loadstone, are 
applied plates of iron a » 



ed the feet ; this is what 
w« deifominate the ar- '|« 
m^iir of the loadstone, and *-^ 
when this is done, the 
loadstone is saif to be 
aimed. In this stste, the 
magnetic matter which would have escaped at the 
surface B B passes into the iron plate b b, where the 
difficulty of fl^ng'Off into the air, in its own direc- 
tion, obliges it to take a different one, and to flow 
along the plate b 6 into the foot B', and there it is 
under the necessity of escaping, na it no longer finds 




It the continuation of its motion. The 



from which it wiQ paM into the phte i . 
its direction to enter into the loadstone, and to dy 
tiirou^ its magnetic canals. For the subtile matter 
contained in Uie plate enters Rrst into the load- 
«tone ; it is followed bv that whioh is the foot A', 
replaced in its turn bj tne external magnetic matter, 
whicb, being there impelled bj the elasticity of the 
ether, penetrates the foot A' and the plate a a with a 
rapiditv whose vehemence is c^uble of airanging 
the poles, and of forming magnetic canals: 

Hence jt i> evident that the motion must be the 
■ama on both sides, with this difference, that the 
magnetic matter will enter by the foot A', and ea- 
npe by the foot B*, so that in these two feet wa 
'HOW find the polea of tba aimed loadatone ; tad h 
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the poles formerly diffused over the surfaces A A 
and B B are now collected on the basis of the feet 
A' and B', it is naturally to be supposed that the mag- 
netic force must be considerably greater in these 
new poles. 

In this state, accordin^y, the TOrtex will be more 
easily formed. The matter escsfiingp from the foot 
B' will, with the utmost facility, returu lo the foot 
A', passing through C ; and the rest of the body of 
the loadstone wilt not be encompassed by any vor- 
tex, unless perhaps a small quantity of magnetic 
matter should escape from the plate ( b, from ita 
not being able to change the directiau so suddenly ; 
and unless a small quantity should find admission 
by the plate a a, which in tnat case might produce 
a feeble vortex, whereby the subtile matter would 
be immediately conducted from the plate bbU} aa; 
however, if the armour he well fitted, this second 
Tortex will be almost imperceptible, and conse- 
quently the current between the feet is so mu^ the 
stronger. 



A A and BB, as well as the plates of iron, so that on 
applving them to the loadstone, they may exactly 
touch' it in every point, the subtile matter passing 
easily from the loadstone to the iron, when unob- 
structed by any intervening matter ; but if there be 
B vacuum, or a body of air, between the loadstone 
and the plates, the ma^etic matter will lose almost 
all its motion, its current will be interrupted, and 
rendered incapable of forcing its passage through 
the iron, by forming magnetic canals in it. 

The soAest and most ductile iron ia to be preferred 
for the construction of such armour, because its 
pores are pUant, and easily arruige tiiemselves in 
cooformity to the currentof the magnetic matter. 
Iroa of this descripticui, accordingly, appears well 
adapted to the production of a audden cha^ige In 
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the dincUon of the current : the magnetic matter, 
too, seems to affect a progreas in that direction u 
long aa poaaible, and doea not quit it till the continu- 
ance of ita motion tlurongh that mediam is no longer 
practicable: it prefen making a circuit to a pre- 
mature departare — e thing that does not take place 
in the kmdstone itself, in which the'magnetic csnala 
■re alreadj[ formed, nor in steel, whose pores do not 
so eaailj jdeld to tiie efforts of -a magnetic current. 
■But when these canals are once formed in steel, 
they are not so eaeily deranged, and mncb longer 
■retain their magnetic force ; whereas soft iron, 
whatever force it may have exerted during its junc- 
tion with a loadstone, loses it almost entirely on 
being disjoined. 

Experience must be consulted as to the other cir- 
cumstances of arming loadstones. Respecting the 
' fOates, it has been found thai a thickness either too 

Seat or too small is injurious ; but for the most part, 
e best adapted plates are T«ry thin, which would 
appear atnnge, did we not know that the magnetic 
matter is much more subtile than etber, and that 
^consequently the thinneet plate is sufficient to re- 
■ceive a very great qnantity of it 
nth Novmber, 1781. 
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LETTER LXVn. 
Action tad Force i^amud iMuUtona. 

At the feet of ita atmour, then, & loadstone exerts 
its greatest force, becanse there its poles are col- 
lected; andeach foot is capable of snpportiiuiaweigfat 
of iron, greater or less in proportion to ttie excel- 
lence of the loadstone. 

Thus a loadstone A A, B B, 
J^. 134, armed wilhplatesof , 
iron aaanibb, terminating in 
the feet A' and B', will support 
by the foot A' not only the 
Iron ruler C D, but this last ^jU 
will Buppon another of small- ^ 
er size E F, this again another 
still smaller G H, which will 
in its turn aumort a needle 
I K, which, finally, wjU at- 
tract filings of iron L ; be- 
cause the magnetic matter 
runs through all these pieces 
to enter at the pole A' ; or if it 
were the other pole by which i 
the magnetic matter -issues , 
from the loadstone, it would 
in like manner run through 
the pieces CD,EF,GH, IK. 
Now, as often as the matter 
is transmitted from one piece , 
to another, an attraction be- 
tween the two pieces is ob- 
■errable ; or rather they are impelled towards eacfa 
other by the autrounding ether, because the current 
of the magnetic mailer between them diminishes the 
pressure of that fluid. 
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When one of the polea of the loadstoae is thus 
loaded, ils TOrtez imdergoes a very remarkable 
-chwge of direction; for as, without tlus weight, the 
ma^etic nutter which issues from the pole B', di- 
recting aroond its course, would fiow towards the 
other pole A' ; and as now the entrance into this 
pole is sofflciently supplied by the pieces which it 
sopports, the matter issuing from the pole B' must 
take quite a different road, which will at length con- 
duct it to the last [nece IK. A portion of it will nn- 



those which follow, being smaller, do n< 
sufficient abundance those which go before : Wthe 
Tortex will always be extended to the last piece. By 
these means, if the pieces are well proportioned to 
«ach other in length and thickness, the loadstone is 
«apable of supporting much more than if it were 
loaded with a smgle piece, in which the figure like- 
wise eaters principaUy into consideration. But in 
4>rder to make it sustain the greatest possible weight, 
we must contrive to unit^ the force of both poles. 

Pot this purpose, there is applied to the two poles 
A and B, Fig. 137, a j;w, igy. 

piece of soft iron CD, 
touching the base of the 
feet in all points, and 
whose figure is such, 
that the magnetic mat- 
ter which issues from 
B shall find it in the 
nost commodious pes- 



nity A.- 
of itoni 



Soch a piece of iron is 
called the supporter of 
Ihe loadstone; and as 
-the magnetic matter en- 
■tora into it on issuing 





236 AcnoH AMD roBOi of 

from tbe loadstone at B, and enters into the other 

Ele A, on issuing from the supporter, the iroairill 
attracted at both poles at once, and conseqneoitlj 
adhere to ihein with great force. In order to know 
how much power the loadstone exerts, there is affixed 
to the supporter, at the middle E, a wei^t P, wbich 
is increased till tho loadstone is no longer capable of 
sustaining it; and then that weight is said to conn- 
terbalance the magneticpowerofthe loadstone: this 
is what yon are to understand when told that rodi 
a loadstone carries ten pounds weight, such another 
thirty, and so on, Mahomet's coffin, they pretend, 
'is supported by the force of a loadstone — a Hung by 
jio means impossible, as artificial magneta hare 
already been constructed which cany more than 100 
jiouhdi weight, 

A loadstone armed with its supporter loses nothing 
of the ma^etic matter, which perfomis its complete 
vortex within the loadstone and the iron, so that 
none of it escapes into the air. Since then mag- 
netism exerts its power only in SO far as the matter 
escapes from one body to enter into another, a load- 
stone whose vortex is shut up should nowhere eZert 
the magnetic power; nevertheless, when it is touched 
on the piste at a with the point of a needle, a very 
powerful attraction is perceptible, because the mag- 
netic matter, being obUged suddenly to change its 
directiiMi, in order to enter into the can^ of the 
loadctone, finds a mare commodious passage by 
running through the needle, which wiU consequently 
be attracted to the nlate a a. But by that very thiiy 
-the rortex will be' deranged inwardly ; it will not 
ilow so copiously into the feet ; and if yon were to 
^)ply several needles to the plate, or ironrulera atill 
more powerflil, the Current towards the feet wooU 
be entirely diverted, and the force which attracts the 
supporter would altogether diaamwar, ao that it 
would drop off without effort. Hence it ia erident 
IhKt the feet lose their magnetic power in pn^ionion 
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as the loadstone exercises its force in other placoi ; 
and thus we are enabled to account for a vanety of 
*«ry surprising phenomena, which without the the- 
ory, would be absolutely inexplicable. 

This is the proper place for introducing the experi- 
ment which demonstrates, that sftei having applied 
Hb Bupniorter to an armed loadstone, you may go on 
from day to day increasing the weight which it is 
able to sustain, till it at length shall exceed the 
double of what it carried at first. It la neceaaary to 
show, therefore, how the magnetic force mayjn 
time be increased in the feet of the armour, Th« 
case above described, of the derangement of the 
vortex, assures us, that at the moment when the 
supporter is applied, the current of the magnetic 
matter is still abundantly irregular, that a consider- 
able part of it is still escaping by the plate b b, and 
ftat it will require time to form magnetic canals in 
tlie iron : it is likewise probable that, when the cur- 
rent ^all have become more free, new canals ma^ 
be formed in the loadstone itself, considering that it 
contains, besides these fixed canals, moveable poles, 
as iron does. Bnt on violently separating the sup- 
porter from the loadstone, the cu^ent being dis- 
tnibed, and these new canals in a great measure 
destrored, the force is suddenly rendered as small 
as at the beginning ; and some time must intervene 
before these can^, with the vortex, can recover 
their preceding state. I once constructed an arti- 
ficial magnet, which at first could support only ten 
pounds weight; and after some time I was anr- 

frised to find that it could support more than thirty. 
t is remarked, chiefly in artificial magnets, that time 
alone strengthens them considerably; but that this 
increase of force lasts only till the supporter is sepa- 
rated from it. 
9Ut NocttHber, 17ei. 
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Force, and of magnetizing Needltt for the Compatt: 
. the Simple Tottck, it» DefecU ; Meant vf remedtftag 
thete. 

HAvno explained the nature of magnets in general, 
■n article as curioos w interesiing still remaina; 
namely, the manjier of communicHting to iron, but 
e^Htciaily to steel, the magnetic power, and even 
the highest degree possible of that power. 

You have seen that, by placing iron ia the vortex 
t>f a loadstone, it acquires a magnetic force, but which 
almost totally disappears as voon as it is removed 
out of the vortex ; and that the vortes of the earth 
alone is capable, in time, of impressing a slight mag- 
netic power upon iron; now, steel beioK harder than 
iron, and almost entirely insensiUe to this action of 
the magnetic vortex, more powerful (^rations must 
be employed to magnetize it; but then it retauu ths 
magnetic force much longer. 

For this purpose we must have recourse to touch- 
ing, and even to friction. I begin, therefore, with 
«X])laining the method formerly employed for mag- 
netizing the needles of coeipasses ; tne whole opera- 
-tion consisted In nibbing them at the pole with e 
good loadstone, whether naked or armed. 

The needle ahe, Fig. 135, j^_ ijg^ 

«.!.. \^iA nn a table ; the pole ^' 

ad stone was di 

over it, fromitowardsa, , 

being arrived at the extremity 
0, the loadstone was raised aloft, and brought back 
through the air to ft ; this operation was repeated 
.several times together, particular care being taken 
that the other pole of the loadstone ahoold not coma 
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near the needle, ss this wmU bave distBrbed the 
whole process. Having eevera) times drawn the 
pole B of tbe loadstone over the needle, from ft to a, 
tbe needle hod become magnetic, and the extremitv 
b of tbe same name with that of the loadstcne with 
which it bad been niUved. In order to render tbe 
extremity b the north pole, it wonid hare been 
neceasaiy to rub with the pc4e of this name in 
tbe loadstone, proceeding from btoa; but in rub- 
bing with tbe south pole, the prc^ess must be from 
atob. ' 

This method of nibbing, or touching, is denomi- 
nated the rimpU loach, because the operation is per- 
formed by touching with one pole onljrj but it is 
extremelydefective, and communicates but very tittle 
power to the needle, let the loadstone be ever so 
excellent ; accordingly, it does not succeed when the 
steel is carried to the highest degree of hardness, 
though this be the state best adapt^ to the retention 
of magnetism. You will youreelf readily discern the 
defects of ttlis method by Ihe limpU touch. 

Let us suppose that B is the pole of the loadstone ' 
from which the magnetic matter issues, as the effect 
of the two poles is so similar that it is impossible to 
perceive the slightest difference] having rested tbe 
pole on the extremity b of the needle, the magnetic 
matter enters into it with all the rapidity with which 
it moves in the loadstone, incomparably greater than 
that of the vortex which is in the extenul sir. But 
what will become of this matter in the needle ! It 
cannot get out at the extremity b, it will therefore 
make an effort to force its way through the needle 
towards a, and the pole fi, movmg in the same direc- 
tion, will assist this effort ; but as soon as the pole 
B sliall arrivB at a, the diiticully of escaping at the 
extremity a will Occasion a contrary effort, l^- which 
the magnetic matter will be impelled from atowards 
b; and before the Urst effect is entirely destroyed 
this last cannot take place. Afterward, when th* 
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pole B ia again brought back to the extranitr b, this 
U3t effect is again destroyed, bnt without prodTicing, 
however, a. current ia the contrary direction from b 
towards a ; and conecKitieDtly, when the pole B shall 
have got beyond c in its progress .towards a, it will 
mOie easily produce a current from a to £, especially 
if you press more hard on the half c a : hence it » 
clear, that the needle can have acquired only a small 
degree of the magnetic power. 

Some, accordingly, nib only the half e a (Fig. 136, 
p. 238), proceeding from c to a, and others touch 
only the extremity a of the needle with the pole' B 
of the loadstone, and with nearly the same success. 
But it is evident that the magnetic matter which 
enters by the extremity a only is incapable of acting 
with sufficient vigour on the pores of the needle, for 
arrajoging them conformably to the laws of mag- 
netism; and that theforcoicnptessed by this method 
must be extremely small, if any thing, when the steel 
is very mnch hardened. 

It appears to me, then, that these defects of the 
nmpU touch might be remedied in the following 
manner ; of the soccess of which I entertain no 
doubt, though I have not yet tried it; but am con- 
firmed in my opinion by experiments which 1 have 
made. 

I would case the extremity h of the needle. Fig. 
136, in a ruler of soft iron E F ; jv^ i^ 

and I should think it proper to ^' ' ' 

make that ruler very thin, and as JErr^ Qb £ 

straight as possible ; but the ex- ^^^^ °' * 

tremity must be exactly applied in all -points, and 
eyen fitted to a groove perfectly adjusted for its re- 
ception. On resting the pole B of the loadstone upon 
the extremity b of the needle, the magnetic matter 
which enters. into it, meeting scarcely any difficulty 
in its progress through the iron ruler, will at once 
pursue its course in the direction bA; and in pro- 
portion as the pole advances towards a, the ma^- 
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netic nm(t«r, in order to contimie this conne, has 
only to arrange the pores on wtiicti it immediately 
acts ; and having reached a, aH these pores, of at 
least by far the g;reater number of thsm, will be 
already disposed conformably to that direction. 
When you aFlerward recommence tbe friction Bt 
the extremity b, nothing is destroyed; bnt yon con- 
tinue to perfect the current of the magnetic matter, 
following the same direction i d, by likewiBe arran- 
ging the pores which resisted the first operation ; and 
thus the magnetic canals in the needle will always 
become more perfect. A few strokes of the pole B 
will be sufficient for the purpose, provided the load- 
stone is not too weak ; and I have no doubt that the 
best tempered steel, that is, rendered as hard as pos- 
sible, would yield to this method of operating; an 
nnspeakabie advantage in the construction of com- 
passes, as it has been found that ordinary needles 
fretjoently lose, by a ^ght accident, all their mag- 
netic power; by which ships at sea would be ex- 
posed to the greatest dangers, if they had not others 
m reserve. But when needles are made of well 
tempered steel, accidents of this kind are not so 
much to be apprehended; for if a ^ater force is 
requisite to render them magnetic, in return they 
preserve the power more tenaciously. 
84M November, 1761. 
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liriTEAD of thin method of magnetizing iron or 
steel by the limpic touch, by rubbing with one pole 
only of the loadstone, we now employ the dvMe 
toveh, in which we rub with both poles at once, 

Vol. II.— X 
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which IB eaailj done by means of an annod inai. 



Ftg. 130. 



Let EF, J^."130, bea 
bar of iron or steel, which 
you wiah to render raa^;- 
netic. Haring fixed it 
■tetd^f on a table, yor ' 
press ^OR it the two feet 
A and B of an armed load- 
atone. In this state, you will easily see that the 
magnetic matter which iaauea from the loadstone by 
the foot B must penetrate into the bai, and would 
difliise itself in all directions, did not the foot A, on 
its side, attract the mafiTietic matter contained in the 
pores of the bar. This evacuation therefore at i 
will determine the matter which enters by the pole 
B to take its course from c towards d, provided the 
poles A and B are not too remote from each other. 
Tlten the magnetic current will force its way in the 
bar, m order to pass from the pole B to the pole A, 
disposing its pores to form magnetic canals ; and it 
is veryeaayto discover whether this is taking place ; 

Sin tuTe only to observe if the loadstone is power- 
Uy attracted to the bar, which never fails if the 
bar is of soft iron, as the magnetic matter easily 
penetrates it. Bui if the bar is of sleei, the attraction 
IS frequently very small — a proof that the magnetic 
matter is incapable of opening for itself a passage 
from etod; hence it is to be concluded that the 
loadstone is too feeble, or that the j^, j^g^ 

distance between its two poles is i — 

too great : in this case it would be 
necessary to emplov a loadstone 
more powerful, or wnose feet are 
nearer ; or finally, the armour of 
(he loadstone ought to be changed 
into the form renresented in Fig. 
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But-the Ibllowing ja a method of remedying this 



Having Axed the bar as ined. Fig. 130 (p. 943), 
the loadstone must be several times drawn baclc- 
ward and forward over it, from one eztremitjr to the 
other, without taking it oQ* till you perceive that 
the attraction no longer increases ; for it is undoubt- 
edly certain that attraction is increased in mopor- 
tion to the increase of the magnetic force. The bar 
B F will be magnetized by this operation in such a 
manner that the extremity E, towards which the 
pole A was turned, will t>e the friendly pole of A, 
aud consequently of the same name with the other 
pole B. Again, on removing the loadstone, ae mag- ' 
uetic canals are formed the whole length of the bv, 
the magnetic matter diffused through the air will 
force a passage through these canals, and will make 
thebara real magnet. It will enter by the extremity 



tex such as the nature of the bar permits. 

I take this occaHion to remark, that the formation 
of a vortex is absolutely necessary to the increase 
of magnetism : for if all the magnetic matter which 
goes out at the extremity b were to fly off, and be 
entirely dispersed, without returning to a, the air 
would not supply a sufficient quantity to the other 
extremity a, which must occasion a diminution of 
the magnetic force. But if a considerable part of 
that whicli escapes at the extremity h returns to a, 
the air is abundantly able to supply the remainder, 
and perhaps stiU more, if the magnetic canals of the 
bar are capable of receiving it ; the bar will there- 
fore in that case acquire a much greater magnetic 
force. 

This consideration leads me to explain how it is 
poasiUe to keep up the magnetic matter in magnet- 
ized bars. Theobjectbeingto prevent the roafinetic' 
matter which pervades them from dispersing in the 
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ur, these bars are always disposed in piara of ex- 
actly the same size. They are placed on a tablft, in 
a parallel situation, bo that the friendly poles, or 
those of different namea, should be turned to tha 
same side as in Fisf, 131, 



Fig. 131. 



n(V 



where M M and N N rep- 
leaent the two ban, 
whose friendly poles a, [1 
1, i, a, are turned the 
same way. To wevent ^ 
mistake, a mark x >s 1 
made on each bar, at the ^ 
extremity where the 
north pole is, and to jj 
both ends is applied a 
piece of soft iron E E 
and F F, for receiving the magnetic current. In 
ttUB manner, the whole magnetic matter which per- 
vades the bar M M, and which issues at the extremity 
h, passes into the piece of iron E E, where it easily 
makes its way, to enter at the extremity a of the 
other bar N N, from which it will escape at the ex- 
tremity i, into the other piece of iron F F, which 
reconveys it into the first bar M M by the extremity 
a. Thus the magnetic matter will continue to 
circulate, and no part of it escape \ and even in 
case there should not be at first a sufficient quantity 
to supply the vortex, the air will supply the deficiency, 
and the vortex will preserve all its force in the two 

This disposition of the two bare may likewise be 
employed for magnetizing both of them at once. 
The two poles of a loadstone must be drawn 'over 
the two bare, passing from the one to the other by 
the pieces of iron ; and the circuit must be sevei^ 
times performed, carefully observing that the two 

e'Of the loadstone A and B be turned as the 
directs. 
This method of magnetizing two bars at once 
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must be much more efficacious than the precediiig, 
as from the sery first circuit performed by the load- 
stone, the magnetic matter will begia to flow 
through tbe two bars by means of the two pieces of 
iron. Anerward, by repeated circuitous applications 
of the loadstone to tlie bars, a greater quantity of 
pores will be arranged in them conformably to mag- 
netism, and more magnetic canals will be opened, by 
whichthevortexwillDe more and more strengthened, 
without undergoing any diminution. If the oars are 
thick, it would be proper to turn and rub them in the 
same manner on the other surfaces, in order that the 
magnetic action may pflaetrate them thoroughly. 

Having obtained these magnetic ban M M,N N, 
Fig- 133, they may be em- ji\>. 133. 

[doyed in place of the natu- 
ral loadstone, for magnet- 
izing others. They are 
joined together at the top, 
■o that the two friendly poles 
ab may touch each other; 
and the other two poles 

below, b and a, are sepa- . jii» ■!■■ — j 
rated as far as it is thought » ' 

proper. Then we rub with the two under extremi- 
ties, which supply the place of the two poles of m 
loadstone, two other bars E F, in the manner which 
I have above emlained. 

As these two bars are joined in the form of com- 
passes, we have the advantage of opening the lower 
extremities as much or as little as we please, which 
cannot be done with a loadstone ; and the magnetic 
current will easily pass at top, where the bars touch 
each other, from the one to the other. A small 
piece of soft iron P might likewise be applied there, 
ihe better to keep up the current ; and m this man- 
ner you may easily and speedjly magnetise U maaj 
double bata as you please. 

SUA A«i>ent«rj 1701- 

XS 
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LETTER LXI. 

7%« Mtlhod oj eonaiaaacatyng to Bars of Sltel a 
wry great magnetic Force, by mean* of other Bar* 
whtekhaee it ma very inferior degree. 

Thooob this method of loagnetiang by the double 
touch be preferable to the preceding, the aiagnetic 
power, faonerer, cannot be carried beyond a certain 
degree. Whether we employ a natural loadstone 
or two magnetic bars for nibbins other bars, these 
last will never acquire so much (orce as the first ; it 
being impossible that the effect should be greater 
than the cause. 

If the bars witli which we nib have little force, 
those which are rubbed will have still loss : the rea- 
son is evident; for as bars destitute of. macnetic 
force never could produce it in others, so amoderate 
degree of force is incapable of producing one 

P 'eater than itself, at least by the method which 
have been describing. 

But this rule is not to be taken in the strict inter- 
pretation of the words, as if it were literally impost 
aible to produce a greater magnetic force by the 
assistance of a smaller. I am going to point out a 
method by which the magnetic power may be in- 
creased almost aa far as von please, begiumn^ with 
the smallest de^e possible. This is a late discov- 
ery, which merits so nmch the more attention that 
it throws much light on a very difficult subject — 
the nature of magnetism. 

Supposing that 1 am possessed of a very feeble 
loadstone, or, for want or a natural magnet, of bars 
of iron rendered somewhat magnetic merely by the 
vortex of the earth, as 1 en>Iained it in a preceding 
Letter, I then provide myself with eight bare of atae^ 
very small, and not hardened, in order the man 
easilyto receive the small degree of magnetic power 
which Ibe feeble loadstsae, or slightly magnetizod 
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bars, are capable of commuEficatui^, by rubbing each 
pair or couple in the maimer I formerly described. 
Havins then eight bars magnetic, but in a very 
small degree, I take two pair, which I join together 
in the manner represented in Fig. 133. 

By uniting the two bars by the j.. ,,,0 
poles or the same name, I form but '^^■^■ 
one of double the thickness, and 
with which I form the compass A C 
wd B D ; the better to keep up the 
magnetic current, a piece of soft 
iron P may be appUed at the top C D. 
The legs of the compass may be 
separated as far as is judged proper, 
and I rub with them, one alter the \ 
other, the remaining bars, which will 
thereby acquire more power than they had before, 
because the powers of the first are now united. I 
have now only to join these two pair newly rubbed 
in the same manner, and by nibbing with them, one 
after the other, the two pair first employed, and the 
power of these will be considerably increaaed. I 
aflerward join these two pair together, and go on 
rubbing others, in order to augment their magnetic 
force, and atill two pair with two pair alternately i and 
by repeating this operation, the magnetic power may 
be carried to such a degree as to become insuscep- 
tible of further increase, even by continuing the ope- 
ration. When we have more than four pair of such 
bars, instead of two pair, three may be joined together 
for the purpose of nibbing others ; they wiU ihereby 
be aooner carried lo the highest degree possible. 

The greatest obstacles are therefore surmounted ; 
and by means of such bars, joined together by two 
or more pairs, we may rub others of steel properly 
hardened, and which may be either of the same size, 
or still greater than the Arst, to which the greatest 
power of which they are susceptible maybe thus 
«omintmicated. 

Beginmug with smsU ban each aa I have d« 
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scribed, these operations may be sticceaaivelv applied 
to ban of an enormous size, and made of tne nard- 
eat steel, which is less liable to Iobc the magnetic 
power. Onl^ it is to be observed, that for the pur- 

Eof rubbing large bars, several pairs ought to be 
»d tozether, xriwee united weight sho^d be at 
doulile that of the large one. But it would 
always be belter to proceed by degrees, and to rub 
each species of bara with bars not much smaller 
than themselves, or it may be sufHcient to join at 
most two pair: for when we are obliged to join more 
than two pair, the extremities with which the fric- 
tion is performed will extend too far, and the mag- 
netic matter which passes that way will itself prevent 
Ub being directed conformably to the direction of 
the bar that ia rubbed;* and the rather that it enters 
the bar perpendicularly, whereas it necessarily 
ahoidd take a horizontal direction. 
In order to facilitate this change of direction, it is 

(roper that the magnetic matter should be led to it 
lasmallspace, andina direction already approach- 
ing to that which it ought to take within the bar 
which we are going to rub. The following method, 
I think, might be effectual for this purpose. 



Fig. 13* represents 
five pair of bars M M, 
N N, joined together, 
but not in the form of a 
compass. There is at 
top a 'bar of soft iros 
C D, 4a keepup the vor- 
tex; below, 1 do not 
rub immediately with 
the extremitieB of the 
bars, but I case 
extremities on 
aide in a foot 
iron, fastening 

it with screws 

O. Each foot is bent 



Fig. 134. 



I of the j I 

e these „ j f. »9 
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at A and B, so that the direction of the mamelic 
matter, which freely pervades these feet, ah^adv has 
a considerable approximation to the horizontal; so 
that in the bar to be rubbed E F it has no need 
greatly to change its direction. J have no doubt, 
that by means of these feet the bar E F will receire 
a mucn greater magnetic power than if we rubbed 
immediately by the extremities of the bars, the depth 
of whose vertical direction naturally opposes the 
fonoation of horizontal magnetic canals in the bar 
E F. It is likewise possiole, in practiBing this 
method, to contract or extend the distance of the 
feet A and B at pleasure. 

I must fiirther observe, that when these bars lose 
in time Uieir magnetic power, it is easily restored 
by the same operation. 

IM J>eeember, ITSl. 



LETTER LXXI. 
Oonttmetwn of Art^icial Magnett tn the Form of a 

WnoBvxB wishes to make experiments on the 
properties of the loadstone ought to be provided 
witn a great number of magnetic bars, from a very 
sroall up to a very large size. Each maybe con-, 
sidered as a particular magnet, having its ^o poles, 
the one north and the other south. 

You must have considered it as extremelj^ remark- 
able, that by the interposition of the magnetic power, 
the feeblest which can be supplied by a wretched 
natural loadstone, or by a pair of tongs in the chim- 
ney comer, which have acquired by length of time a 
small portion of magnetism, we should be enabled to 
increase that power to such a degree as to commu- 
nicate to the largest bars of steel the highest degree 
of magnetic force of which they are susceptible. It 
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would be needless to add, that by this method we 
are enabled to construct the best magnetic needles, 
not only much larger than the common, but made 
of a ateel hardened to the highest degree, which 
renders them more durable. I have only a few words 
to add on the construction of artificial magnets, 
which have usually the form of a horse-shoe, as 70U 
must no doubt have seen. 

These artilicialmagnetsanswer the same purposes 
on everjr occasion as the natural ones, with this ad- 
vantage in their favonr, that we can have them niuch 
more powerful, by giving them asufficientmagni tilde. 
They are made of well tempered steel, and the figure 
of a horae-ahoo seems the most proper for. keeping 
up the vortex. When the mechanic has finished 
hiB work, we communicate to it the greatest degree 
ofnagneticpowerofwhichit is susceptible, by means 
of the magnetic bars, of which I have given a de- 
scription. It is evident, that the greater this magnet 
is, the larger must be the bars we employ : and this 
is the reason why we should be provided with bus 
of aU sizes. 

In order to magnetize a horse-shoe HIG, Fig. 135, 
which ought to be of steel well tem- f\~ 135 
pered, we place on the table a pair *^— ' 

of magnetic bars A C and B D, with 
their supporters of soft iron applied 
on both sides, but of which the K 
flgure repreaents only one E F, the 
- other havinr been removed to make 
way gradnaHT for the application of 
the feet of tne horse-snoe, as you 
see. In this state, the magnetic 
matterwhich pervades the bars will 
make strong efforts to pass through 
the horse-shoe, the poles of the bars 
being adapted magnetically to those 
of the horse-shoe ; but considering 
the hmdnesa of tempered steel, it will not be 




\ 




ARTincuL lueinTfc S61 

cient to amnge the pons, and open Tor itself a pw- 
sa^. The same means, therefore, most be em- 
ployed to this effect which weie prescrilwd for ttie 
magDBtizing of ban. We take a compass fmned 
of another pair of magnetic bars, and nib them in 
the some manner over the horse-shoe; magnetic 
canals will thereby be opened, and Uie snbtile tast- 
ier of the bars, by pervading it, will form the TOrtex 
of that fluid. Particular care muBt be taken, in this 
operation, that the legs of the compass, in passing 
over the horse-ahoe, do not touch the exlremities 
A and B of the bars ; for this would disturb the cur- 
rent of the msgnetic matter, which would pass im- 
mediately from the bars into the legs of the compass; 
or Uie vortices of the bars and of Uie compass would 
mutuallv derange each other. 
The horse-shoe will thereby acquire very great 



the bars without derangiag the current. If they 
are separated violently, the magnetic vortex will be 
destroyed, and the artificial magnet will retain very 
little power. 

The canals being kept up no longer than the mag- 
netic matter pervades them, it must be cooclnded 
that the particles which form these canals sie in a 
forced state, and that this state subsists ouly wMe 
the vortex acts ; and that as soon as it ceases, these 
particles, by their elasticity, will deviate from their 
forced situation, and the magnetic canals will b« 
interrupted and destroyed. This we clearly see in 
the case of soft iron, whose pores are quickly u- 
isnged on the approach of a magnetic rortex, but 
retain scarcely any ma^etic power when removed 
out of the vortex. This proves that the pores of 
iron are moveable, but endowed with an elasticity 
which changes their situstion as somi as force ceases. 
It rei}uires length of time to fix certain pores in the 
position impressed on them by the Diagnetie tnom. 
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whicli takes place chiefly in bare of iron long exposed 
to the vortex of the earth. The porea of ateel an 
much lesB flexible, and better aupport the atata into 
which they have been forced : they are however liaUe 
to some derqng«ment, as soon as force ceases to act 
on them ; bnt this derangement is less in propor- 
tion to the hardneBs of the steel. For this reasoa 
artiflcial magnets ought to be made of the hardest 
steel : were they to be made of Iron, they would 
immediately acquire, on being appUed to magnetic 
bars, a Tery great degree of power ; but the moment 
you detach theio, all that power would disappear. 
Great precaution must therefore be employed in 
separatuig from the bars magnets composed of well 
tempered steel. For this purpose, before the s^w- 
ration, you press the supporter, which is of very aoft 
iron, in the direction of the line M N, ISg. 136, tak- 
ing particular care not to touch the fig_ 130^ 
bars with it, for this would mar the V. 

whole process, and oblige you to re- J^^V- 
peat the operation. On the appliea- ")} (^ 
tion of the aupporter, a considerable M-^^^" "y* 
portion of the magnetic matter which '^i'^''^ 

IS circulatingin the magnet GHl will |p 

make its way through the supporter, 
and form aseparate vortex, which will continue after 
the magnet is detached fi'om the bats. 

Afterward, you press the supporter slowly forward 
over the legs of the magnet to the extremities, as 
represented in the figure, and in this state permit it 
to reat for some time, that the vortex may be allowed 
to settle. The supporter is likewise furnished with 
a weight P, which may be increased every day ; it 
being always understood that the supporter is to be 
so perfecUy adjusted to the feet of the magnet as to 
tonch them in all points.* 

5M DfCfmber, I76I. 

DTEflUpued daring iTh UH 
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LETTER LXXII. 



On Dioplriet ; Instrumeras which that Science tappliet: 
of TeltKopei and Microscop€t. Different Figures 
gitien to Gtasiei or Lenses. 

Thb wonders of dIoptricB will now, I tliinb, fur- 
niah asubject worthy of your attention. This science 
provides us wilb two ktndsof iustruraenta composed 
of glass, which serve to eslend our sphere of vision, 
by discovering objects which would escape the naked 
eye. 

There are two cases in which the eye needs assist- 



m bT pTiTficV' 



iisikiii|iii«iiatd 



■n IraaKdliliJir chuinit b) 
■bt bwoT agul, Khlcb. ttna 



1 IndiUHM at ■rtldeii] muiwi. Cs nllbciuil l> ihls niida 
niteMl muiHM lliit Prahiniir Hnir. "f ^^^y- nlun 

llbimoTl lli)i»->bH, ind veil flUlf Ni Om. xnlrdupalL 
odflLlDacnUarcniipiitwInTKtKMonr andlhEFnibar 



Th( iatantj sC (EnlsA in 



Tba Ibtiin gf 

:. n.-t 




SH OK DIOPTRMB. 

■nee : tbe fint is, when objects are too distant ttr 
admit or our seeing them distiacUyi such are tha 
heavenly bodies, respecting which the most important 
discoveries have been m^e by means of dioptrical 
instruments. You will please to recollect what f 
have said concerning the satellites of Jupiter, which 
assist us in the discovery of the longitude j they are 
visible only with the aid of good telescopes; mtd 
those of Saturn require telescopes of a still better 
construction. 

There are, besides, on the sarfacc of the earth 
objects very distant, which it is impossible for us to 
see, and to examine in detail, without the assistance 
of telescopes, which represent them to us in the 
same manner as if they were near. These dioptri- 
cal glasses or instruments forviewing distant bodies 
Bre denominated teUtcojyu. 

The other case in which the eye needs asaistancQ 
Is when the object, though sufficiently near, is too 
small to admit of a distinct examination of its parts. 
If we wished, for example, to discover sH the puts 
of the leg of a fly, or of any insect still smaller,— if 
we wete disposed to examine the minuter particle* 
of the human body, such as the smallest fibres of the 
muscles, or of the nerves, it would be impossible to 
succeed without the help of certain instruments 
called microtcnpes, which represent small objects in 
the same manner as if they were a hundred oi ■ 
thousand times greater. 

Here, then, are two kinds of instruments, telt- 
icopes and microteopet, fumished by dioptrics for 
assisting the weakness of our sight. A few ages 
only have elapsed since these instruments were in- 
vented ; and from the era of that invention must be 
dated the most importaul discoveries in astronomy 
by means of the telescope, and in physics by the 
microscope. 

These wnnderfut effects are produced merely by 
fte 6gure given to bits of glass, and the he^py com- 
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Knstion of two Or more g^lasses, which we denomi- 
nate lemes. Dioptrics is the science that unfolds 
the principles on which such instruments are con- 
structed, and the uses to which they are applied ; 
and you will please to recollect that it turns chiefly 
on the direction which rays or light take on passing 
through transparent media of a different quality ; oa 
passing, for eiaiunle, from air into giaes or water, 
and reciprocally, m>m glass or water into air. 

Ab long as the rays are' propagated through ths 
same medium, u for esamfde air, they preserve tha 
same direction, in the atiaight „. ■ 

fines L A, L B, L C, L D, F^. 138, '* ^^■ 
drawn from the luminous point L, 
whence these rays itsoe ; and 
when they anywhere meet an 
eye they enter into it, and'there 
paint an iraage of the object from 
which they proceeded. In this 
case the. vision is denominated 
simple, or natural; and represents to us the objects 
ss they really are. The science which explains to 
Bs the principles of this vision is termed optUs, 

But when the rays, before they enter into the eye, 
■re reflected on a finely polish^ surface, such as a 
mirror, the vision is no longer natural; as in this 
ease we see the objects difTerently, and in a different 
place, from what they really are. The science which 
explains the phenomena presented to us by this 
vision from reflected rays is termed catoptrics. It 
too, supplies us with instruments calculated to extend 
the spiwre of our vision ; and you are acquainted 
with such sorts of instruraents, which, by means of 
one or two mirrors, render us the same services as 
those constructed with lenses. These are what w« 
properly denominate leieicope* ; but in order to dia- 
nnguieh them from the common perspectives, which 
are composed only of glasses, it would be better to 
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call them catoptric or reflecting telescopes. This 
mode of expression would at least be more accurate ; 
for the word telescope was in use before the dis- 
covery of reflecting instruments, and then meant 
the same thing with perspective. 

1 propose at present to cooline myself entirely to 
dioptrical instruments, of which we have two sorts, 
telescopes and microscopes. In the construction 
of both we employ g:lasses formed after diOerent 
manners, the various sorts of which I am going to 
explain. They are principally three, according to 
the figure ^ven to the surface of the glass. 

The first is the plane, when the surface of a ^ass 
is plane on both sides, as that of a common mirror 
If you were to take, for example, a piece of looking* 
glass, and to separate from it the quicksilver which 
adheres to its farther surface, you would have a ^ass 
both of whose surfaces are ^ane, and of the same 
thickness throughout. 

The second is the coma ; a glass of this denomi- 
nation is more raised in the middle than towards ths 
edge. 

The third is the coneant; siKh a glass is hollow 
towards the middle, and rises towards the edge. 

Of these three di^rent Bgures which may be giv«Q 
to the surface'of a glass, are produced the buc "'~-^~- 
of glasses represented in Fig. 133. 
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I. The clow glass hss both its surfaces plane. 

II. The «■ -.— .. Ji.. . 

indthfl otb 



IS both its surfaces plai 
^ass baa ono muam 




Bimxurr wan* of LuniB. 28? 

m. The plma-MKeme has one Hnrface plane and 
the other concave. 

IV. The eomiexo-eemea, or Jouiie comat, has both 
■BTf]u»8 convex. 

V. The coaveMh^oncaee, or mtnucia, has one snr- 
liue convex and the other concare. 

TI. Finally, the concavo-concaee, or doutU coMaot, 
liSB both surfaces concave. 

It is proper to remark, that the figure r^resenta 
the section of these f^asaes or lenses. 

8fA Ikcaiibtr, 1701. 
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FioM what Iliave aaiA respecting the convex and 
concave surfaces of lensee, vou will easily compre- 
hend that their form may oe varied without end, 
accordin^as the convexity and concavity are greater 
or less. There is onlyone species of ptanesiufaces, 
because a surface can be plane in one manner only; 
but a convex surface may be considered as making 
part of a sphere, and according as the radiuB or 
diameter of that sphere is greater or less, the con- 
vexity will differ; Mid aa we represent lenses on 
paper by segments of a circle, according aa these 
cireles are greater or less, the form of lenses must 
be infinite, with respect both to the convexity and 
concavity of their surfaces. 

As to the manner of forming and polishing glasses, 
■11 possible care is taken to render their figure ex* 
actfy circular or spherical ; for this purpose we em- 
ploy basbu of metal formed by the tummg machine, 
on a qibnical sur&ce, both invrardly and outwardly. 
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Let A E B D F C, Fiff. 137, be the 
form of Buch a basin, which shall have Fig. 137- 
two aurfacei, A E B and C F D, each A- » 

of which may have its separate ra- ^^^S^^i?^ 
diuB ; wheo a piece of g-laaa ia rubbed ' 

on the concave side of the basin A E B, it willbecoma 
conveK ; but if it ia rubbed on the convex side C F D, 
it wilt become concave. Sand, or coarse emery, is 
at first used in rubbing the glass on the basin, till it 
Iwa acquired the proper form ; and after that a fine 
species of emery, or pumice-stone, to give it the lut 

la order to know the real figure of the surfaces 
of a lens, Tou have only to measure the radius of the 
enrface of the basin on which that lens was formed ; 
for the true measure of the convexity and concavity 
of surfaces, is the radius of the circle or sphere 
which corresponds to them, and of which they make 
a^rt. 

Thus, when it is said that the radius of the con- 
vex Burfoce A E B, Fig. 138, is three inches, the 
Fig. 13B. 



meaning is, that A E B is an arch of a circle described 
with a radius of three inches, the other surface A B 
being plane. 

That I may convey a still clearer idea of. the dif- 
ference of convexitiea, when their radii are greater 
or less, I shall here present you with sevetal fignreB 
of different convexity, Fig. 139. 
Fig. 139. 
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From thia you see, that the smaller the radiiu is 
the sreater is the cutt« of the auiface, or the greater ' 
its aifTerence from the plane ; on the contrary, tho 
greaterthe radius is, the more Uie surface approaches 
to a plane, or the arch of the circle to a straight 
line. If the radius were made atiU greater, the curve 
would at length become hardly perceptible. You 
scarcely perceive it in the arch M N, Fig. 138, the 
radius of which is sis inphes, or half a foot ; aod if 
the radius were still extended to ten or a hundred 
times the magnitude, the curve would become alto- 
gether imperceptible to the eye. 

But this is by no means the case as to dioptrics ; 
and I shall allerward demonstrate, that though the 
jadluB were a, hundred or a thousand feet, uid the 
curve of the lens absolutely imperceptible, the effect 
would neyerthelesa be abundantly apparent. The 
radius must indeed be inconceivably great to pro- 
dtlce a surface perfectly plane : from which you may 
conclude, that a plane surface might be conaiderea 
as a convex surface whose radius is infinitely great, 
or as a concave of a radius infinitely great. Here it 
is that convexity and concavity are confounded, so 
that the plane surface is the meaium which separateg 
convexity from concavity. But the smaller the 
radii are, the greater and more perceptible do the 
convexities and concavities become; and hence we 
say, reciprocally, that a convexity or concavity is 
greater in proportion as its radius, which is the 
measure of it, is smaller. 

However great in other respects may be the varietf 
we meet vrith in lenses or glasses, according aa their 
surfaces are plane, convex, or concave, and this in 
an infinity of different manners; nevertheless, with 
respect to the effect resulting from them in dioptrics, 
thev may be rediiced to the three following classes: — 

The first comprehenda glasses which are every- 
where of an equal thickness ; whether their two sui. 
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centric, or described round the same centre, Fig. 
141, so that the thickness shall remain CTerywhere 
tbe same. It is to be remarked respecting glasaes 



of this clasB, that they produce no change in tho 
eppearance of the objects which we view throne^ 
tnem; the objects appear exactly the same as tf 
nothing interposed; accordingly, they are of no 
manner of use in dioptrics. Tub is not because the 
rays which enter into these glasses undergo no re- 
fraction, but because the refraction at the entrance 
is perfectly straightened on going off, so that the 
rays, after having passed through the glass, resume 
the same direction which they had pursued before 
they reached it. Glasses, therefore, of the other 
two classes, on account of the effect which thej 
produce, constitute the principal object of dioptrics. 
The second class of lenses contains those 'which 
are thicker at the middle than at the edge. Fig. 143. 



Fig. 142. 



Their effect is the same, as Jons as the excess of 
the thickness of the middle over that of the edge has 
the same relation to the magnitude of the lens. AH 
lenses of this class are commonly denoninated evm- 
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vex, as convexity predominateB, though otherwise 
one of their eurfaces may be plane, and even con- 

The third clasa contains all those lenaes whidt 
are thicker at the edge than in the middle. Fig. 143^ 



Fig. U3.- 



which all produce a similar effect, depending on the 
excess of thicknesa towards the edge over that in the 
middle. Ae concavity prevails in all such lenses, 
they are simply denominated toncave. They must 
be carefully cuatinguished from those of the second 
class, which are the convex. 

Lenses of these two last classes are to be the sub- 
ject of my following Letters, in which 1 shall bo- 
deavour to explain their effects in dioptrics. 

lilth Dteanitr, I7SI. 



LETTER LXXIV. 
Effect of Comex Lentet. 

In order to explain the effect produced by both 
convex and concave lenses in the appearance of ob- 
jects, two cases must be distingtiisheo ; the one when 
the object is very far distant aoai the lena, and the 
other when it is nearer. 

Bnt before I enter on the explanation of tlus, I 
must say a few wonts on what is called the axis of 
the lens. As the two surfaces are represented by 
segments of a circle, you have only to draw a strai^t 
line through the centres of the two circles ; this line 
is nanwd Uie axis of the lens. In Fig. IM, the eea<- 
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tie of tbearctiAE B being atC, and pig tM 

tliatofthearchAFBBtD,thestraight ^j, 

line C D IB denominated the axis of 

Hh lensAB; and It is easy to see 

that this axiBpasses through the 

middle of it. The same thing would 

apply if the surfaces of the lens were 

concave. But if one is plane, ''~~ 

axis will be perpendicular to it, pa 

ing tbrou^ the centre of the other ' 

surface. 

Hence it is obvious that the axis passes throng 
the two surfaces perpendicularly, and that accoid- 
in^y a tay of light coming in the (Erection of the 
axis will suffer no refraction, because rays passing 
from one medium into another are not broken or 
tefracted, except when they do not enter in a per- 
pendicular direction. 

It may likewise be proved that all other rays pass- 
ing through the middle of the lens O undergo do 
Kfraction, or rather that they again become pivaUel 
to themeeWes. 

It must be considered, inorderto comprehend the 
reason of this, that at the points E and F the two 
surfaces of the lenfl are parallel to each other, for 
the angle M E B which the ray M E makes with the 
arch of the circle E B, or its tangent at E, is per> 
feclly equal to the angle P FA, which this same 
ray produced, or F P makes with the arch of the 
circle A F, or its tangent at F ; you recollect that two 
such angles are denominated aitemate, and that it is 
demonstrated, when the aitemate angles are equal, 
that the straight lines are parallel to each other ; 
consequently, the two tangents at E and at F will be 
parallel, and it wiU be the same thing aa if the ray 
M E F P passed through a lens whose two surfaces 
were uarallel to each other. Now we have already 
seen tnat rays do not change their direction in pass, 
ing througji such a lens. 
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HaviDg made these reraarKs, le 



s now coDBider 
' FigH6. 



the straight line O E F P ; and let ua snp- ' 
pose that there is in this line, at a great 
distance from the lens, an object or lu- 
minoua point 0, which diffuses rays in 
aU directions : some or these will pass 
through our lens A B, such as O M, E, 
aitdON; of which that in the middle,OB, 
will undergo no refraction, but will con- 
tinue its direction through the lens ii 
same produced straight line F I P. The 
other two rays, M and N, in passing 
through the letls towards the edge, wiO 
be refracted both at entering and depart- 
ing, so that they will somewhere meet 
the azia, aa at I, and afterward continue 
dieir progress in the direction 1 Q aad I R. 
It might likewise be demonstrated that ■ 
all Uie rays which faU between M and N '^'^ 
will be refracted, so as to meet with the 
axis in the same point I. Therefore, the ^ 
rays which, had no lens interposed, would / \ 
have pursued their rectilineal direction i( , \ . 
O M and O N, will, after the refraction, 
pursue other directions, as if they had taken their 
departure from the point I : and if there v 



be no reaUty in -this. Vou have only to suppose for 
a moment, that there is at I a real object, which 
diniising ita rays, would be equally seen by an eye 
placed at P, as it now sees the object at O by means 
of the rays refracted by the lens, because there is at 
I an image of the object O, and the lens A 6 there 
represents the object O, or transports it nearly to I. 
The point O is therefore no longer the object of 
Tision, but rather its image, represented at I ; foi 
this is now its immediate wject 
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ThiB lens, then, produces a very consldenbla 
change : an object very remote is BUddenly trans- 
ported to I, Trom which the eye must nndoubtedly 
receive a very different impression from wliat it 
would do if, nithdTa,wing the lens, it were to view 
the object O immediatel)'. Let O be considered as 
a star, the point O being supposed extremely distant, 
the lens will represent at I the image of that star, 
but an image which it is impossible to touch, and 
which has no reality, as nothing exists at I, unless 
it be that the rays proceeding from the point O are 
collected there by the refiaction of the Lena. Nei- 
ther is it to be imagined that the star would appear 
to us in the same manner as if it really enisted at I. 
How could a body many thousands of times bi^er 
than the earth exist at a point 11 Our senses would 
be voir differently struck by it. We must carefidly 
remark, then, that an image only is represented at I, 
like that of astar represented in the bottom of the 
eye, or that which we see in a mirror, the effect of 
which has nothing to surprise ns. 

1S(A Dtcanber, 1781. 
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I Mwut to employ this Letter in explaining the effect 
produced by convex lenses, that is, such as are 
thicker at the middle than at the edge. The whole 
consists in determining the change which rays un- 
dergo in their progress, on passing through such a 
glass. In order to place this subject in its clearest 
ught, two cases must be c arc ftilly. distinguished ; tbft 
one when the object is very distant from the lens, 
and the other when it is &t ao great distance. I 
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hepa with coiuiderinK the flrat case, that is, when 
the object is extremely remote rrom the leos. 

In Jii^. 146, MNistheconTexleHH, j!\. ng 
and the straight Hne A fi 1 S ita axis, a_p 
passing perpendicularly through the "T" 
middle. 1 remarli, by-the-way, that \ 
this property of the axis of every iti 
lens, that of passing perpendicularly \\ 
through its middle, conveys the justesl \\ 
idea of it that we arecapablebf form- U 
iiiK. Let us now conceive that on 1 \\ 
this axis there is somewhere at O an I l\ 
object O P, which I here represent as I \ 
a straight line, whatever figure it may \ 
really have ; and as every point of ) 
this object emits Ita rays in all direc' 1 \ 

tions, we confine out attention to \\ 

those which fall on the lens. \ \ 

My remarks shall be at present fur- • i 

ther hmitedtothe rays issuingfrom 1 
the point O, situated m the very axis 
of the lens. The figure represents 
three oftheae rays, O A, M, and N, 
the first rfwhich, A passing through 
the middle of the lens, undergoes no 
change of direction, but proceeds, alter having passed 
through the lens, in the same straight line BIS, that 
Is, in the axis of the lens; but the other two rays, 
O M And O N, undergo a. refraction both on entering 
into the glass and leaving it, by which they are 
turned aside fronv their first direction, so as to meet 
somewhere at I with the axis, from which they will 

Sroceed in their new direction, in the straight lines 
1 1 Q and N I R ; so that afterward, when they shall 
meet an eye, they will produce in it the same effect 
as if the point O existed at I, as they preserve the 
same direction. For this reason, the convex lens is 
said to transport the object O to I ; but in order lo 
diistiiiKm^ this p * ' ' ' " • - 
Vet. II.— Z 



B point I from the real point 0, the 
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fonner is called the image of the Utter, which in tia 
turn is denominated the object. 

This point 1 is very remarkable, and nhen the ob- 
ject O IB extremely distant, the image of it is like- 
vise denominated the focus of the lens, of which I 
shall explain the reason. If the buq be the object at 
O, the rays which fall on the lens iu-e all collected at 
I ; and being endowed with the quality of heating, it 
is natural that the conbourse of so many rays at I 
should produce a degree of heat capable of settina> 
on &re any combustible matter that may be placed 
there. Now, the place where so much heat la col- 
lected we call the focus ; the reason of this denotni- 
nation with respect to convex lenses ia evident. 
Hence, too, a convex lens is denominated a Jumw- 
gla$>, the effects of which you are undoubtedly well 
acquainted with. I only remark, that this property 
of ctrilecting the rays of the sun in a certain point, 
called their focus, is common to all convex lenses : 
they likewise collect the rays of the moon, of the 
stars, and of all very distant bodies; though their 
force is too small to produce any heat, we neverthe- 
lesa employ the same term, focus : the focus of a 

Slasa, accordingly, is nothing else but the spot where 
le image of very distant objects is represented ; to 
which this condition must atUl be added, that the 
object ou^ht to be situated in the very'axis of the 
lens ; for if it be out of the axis, its image will like- 
wise he represented out of the axis. 1 shall have 
occasion to apeak of this afterward. 

Jt may be proper atill further to subjoin the fol- 
lowing remarks respecting the focus: — 

1. As the point 0, or the object, is infinitely dis- 
tant, the raysOM, O A, and ON may be considered 
aa parallel to each other ; and, for the same reason, 
parallel to the axis of the lens. 

3. The focus I, therefore, is the point behind 
the glass where the rays parallel to the axis whicb 




rocoa or comtbx LBXua. 207 

bn on the lens are collected b; the lefractioi) of the ' 
hms. 

3. The toeva of & lens, and the spot where the 
■man o( an object, inflnitely diBtant, and situated 
in the axis of the lena, ia represented, are the same 

4. The distance of the point 1 behind the lens, that 
is, the len^ of the line B I, is called the distance of 
the focus of the lens. Some authors call it the focal 
iutance, or focal leTieth. 

5. Erery convex lens has its particular distal^ 
■of focQB--one greater, another less~-which is eauly 
ascertained by exposing the lens to the sun, and ob- 
serving where the rajts meet. 

6. Lenses formed by arches of sniBll circles, have 
their focuses very near behind them ; but those 
whose surfaces are arches of great circles have mora 
distant focuses. 

7. It is of importance to know the focal distance 
of erery convex lens employed in dioptrics ; and it 
is sufficient to know the focus in order to form a 
Judgment of all the effects to be expected from it, 
whether in the construction of telescopes or micro* 

8. If we employ lenses equally convex on both 
«ideB, so that each surface shall correspond to the 
same circle, then the radius of that circle gives 
nearly the focal distance of that lena ; thus, to make 
k burning-glass which shall bum at the distance of 
a foot, you have only to form the two surfaces 
arches of a circle whosti radius is one foot. 

0. But when the lens is plano-ponvex, its focal 
distance ia nearly equal to tbe diameter of the circle 
which corresponds to the convex surface. 

Acquaintance with these terms will facilitate thft 
knowledge of what 1 have fhrther to advance on tbis 
subject. 

IBfA DKmicr, 1761. 
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Vulanct of the bulge of Objeclt. 

HiTuia remarked that sn object inBoitely distant 
is Teprewnted by a convex leDs in the very focus, 
[HOTided tlie object be ia the axis of the lenii, 1 pro* 
ceed to nearer objects, but always situated in the 
axis of the g^ass ; and I observe, first, that the nearer 
ibe object approaches to the lens the futher tlw 
image retires. 

Let us accordingly suppose that F, Fig. 147. 
jF^. 147, is the focus of the lens H M, 
so that when an object is io&iitely dis- 
tant before the ^lass, (»: at the top of 
the fiKUre, the image shall be repre- 
sented at Fi on bringing the object 
neaier to the glass, and p&cing it suc- 
cessively at P, Q, R, the image will be 



in other words, if A P ia the distance 

of the object, B p will be the dist^e \ a 

of the irasge ; and if A Q is Uie dis- K<d ^m 

tance of the object, B q will be that of !■ 

the image ; and the distance B r of the 

image will correspond to the distance 

A R of the object. 

There is a rule by which it is eaqr 
to calculate the distance of the image 
behind the leas for every distance of 
the object before it, but I will not tjre 
you with a dry exposition of this role ; 
It will be sufficient to remark, in gene- 
ral, that the more the distance of the obloct bfc 
fore the glass is diminished, the more is the oistanca 
ot the inuge behind it increased. I shall to this 
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anbjoin the iiutance of a convex lena whose focal 
distance is six inches, or of a lens so formed that 
if the distance of the object is infinitelv ereat, the 
distance of the image behind the lens sndl be pre- 
cisely six inches ; now, on bringing the o^ect nearer 
to the lens, the image will retire, according to the 
gradations marked in the following table : 



DiMi«^nofth,Ohjtct. 


DUtaneeofthelmiifte. 


Infinity. 


« 


49 


7 


94 


S 


18 


« 


IS 


10 


13 


IS 


10 


16 





18 


8 


94 


7 


43 


S 


Infinity. 



Thns, the object being 49 inches distant from the 
lens, the image will fall at the distance of 7 inches, 
that i^ one inch beyond the focus. If the object ia 
at the distance of 94 inches, the image will be re- 
moved to the distance of B inches from the lens, 
that is, two inches beyond the focDs ; and so of the 
rest. 

Though these nambers are appUcable only to a 
lens whose focal distance is 6 Inches, some general 
consequences may, however, be deduced from them. 

1. If the distance of the object is infinitely great i 
the iinaga falls exactly ia the focus. 

3. If the distance of the object is double the dis- 
tance of the focus, the distance of the image wfll 
likewisebedouble the distance of the focus; in other 
words, the object and the image will be eqnallv dis- 
ttot fhuD the lens. In the eumple above exhduted. 
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the distance of the otqect being 13 inches, that <if 
Uie imase is likewise IS inches. 

3. When the object is brought ao near the leaa 
that the distance is preciBely equal to that of the 
focuB, say Q inches, as in the preceding example, 
then the image retires to en infinite distance behind 
the lens. 

4. It is likewise obserrable in general, that the 
distance of the ottject and that of the image recn»> 
rocallj correspond ; or if you put the object in »e 
place of the image, it will fall in the place of the 
object. 

5. lf,theTefare,thelensHM,F^. 148, Fig. 148. 
collects at I the rays which issue from 
the point 0,the same lens will likewise 
collect at rays issuing from the 
point I. 

6. It is the consequence of a great 
principle in dioptrics, in virtue of which 
it may be maintained that whatever are 
the refractions which rays have under- 
^ne in passing through several refract- 
ing media, they may always return in the 
same direction. 

This truth ia of much importance in the know, 
ledge of lenses : thus, whui I know, for example, 
that a lens has represented, at the distance of S 
inches, the ima^e of an object 34 inches distant, I 
may confidently infer, that if the objert were 8 inct^ 
distant, the same lens would represent its image at 
the distance of 34 inches. 

It is further essential to remark, that when tbe 
distance of the object is equal to that of the focoa, 
the image will suddenly retire to an in.1nitfl distance ; 
which perfectly harmonizes with the relation existing 
between the object and the image. 

You will no doubt be curious to know in what 
place the image will be represented when the object 
la brought fltiu nearer to toe lens, so that its distance 
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aball become leas thaa Uiat of the focus. This qatB- 
tion is the more embarrassing, that the answer must 
be, the distance of the image will in this case be 
greater than infinity, since the nearer the object ap- 
mvaches ibe lens the farther does the image retire. 
Bat the image being already infinitely distant, how 
is it possible that distance should be increased 1 The 
question might undoubtedly puzzle philosophers, but 
- is of easy solution to the mathematician. The image 
will pass from an infinite distance to the other side 
.of the lens, and consequently will be on the same 
side with the object. Howerer strange this answer 
may appear, it is confirmed, not only by reasoning, 
ibut by experience, so that it is impossible to doubt 
4>fitssalidity i to increase beyond infinity is the same 
Ihing with passing to the other side : this is noques- 
^kMv a real pvadox. 
984 l>ecmaer, im. 



LETTER LXXVII. 
Jiagmtudt oflmagtt. 

Yov can no longer doubt that every conrex lens 
must represent somewhere the image of an object 
presented to it \ and that in every case the pkce 
of the image varies as much according to the dis- 
tance of the object as according to the local distance 
of the lens : but a very important article remains 
yet to be explained — I mean the magnitude of the 
wiage. . 

When such a lens represents to us the image of 
the sun, of the moon, or of a star, at the distance of 
a foot, you are abundantly sensible that these images 
must be incomparably sinaUer than the objects them- 
selves. A star being much greater thui the whole 
eartli, how is it poasiDle that an image of mch mag- 
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nitude should be represented to us at the distance of 
a foot ! But the star appearing to us only as a point, 
the image represented by the lens like¥rise resembles 
a pomt, and consequently is infinitely smaller than 
the object itself. 

There are, then, in every representation made by 
lenses, two things to be considered ; the one resoects 
the place where the image is represented, and the 
other the real magnitude of the unage, which may 
be very different from that of the object. The first 
being sufficiently elucidated, I proceed to furnish 
you with a very simple rule, by which you will be 
enabled in every case to determine what must be 
the magnitude of the image represented by the 
lens. 

Let O P, Fig, 149f be an)r object 
whatever situated on the axis of the 
convex lens M N ; we must first look 
for the place of the image, which is 
at 1, so that the pomt I shall be the 
representation of the extremity of 
the object, as the rays issuing from 
the point O are there collected by 
the refraction of the lens. Let us 
now see in what place will be repre- 
sented the other extremity P of the 
object ; for this purpose let us con- 
sider the rays P M, P A, P N, which, 
issuing from the point P, fall on the 
lens. I observe that the ray P A, 
which passes through the middle of 
the lens, does not change its direc- 
tion, but continues its progress in the' 
straight line A K S ; it will be there- 
fore somewhere in this line, at K, 
that the other rays P M and P N 
will meet : in other wprds, the point 
K will be the image of the other extremity P of the 
4>lject, the point 1 being that of the extremity O; 
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hence it is easy to conclude that I K will tm the 
image of the object P represented by the lena. 

In order, then, to determine the magnitude^f this 
image, having found the place I, you have oiUv to 
draw from the extremity P of the object, through A, 
the middle of the lens, the straight line P A K 8, and 
to raise from I the line I K perpendicular to the axis, 
and thia line I K will be the image in question ; it is 
evident from this that the image ia reversed, so that 
if the line O R were horizontal, and the object O P 
a man, the image would hare the head K imdennoat, 
and the feet I uppermost. 
On thia I subjoin the following remarks : 
1. The nearer the image te to the lens, the smaller 
it is 1 and the more remote it is, the greater its mag> 
nitude. Thus, O P, Fig. 150, being j^, 150, 
the ottject placed on the azit before 
the lena H N, if the image fell at Q, 
it would be smaller than if it fell at 
K, S, or T. For, as the straight line 
P A (, drawn from the sotnmit of the 
object P, through the middle of the 
lens, always terminates the image, 
at whatever distance it may be, it is 
evident that among the lines Q 7, R r, 
8 (, T t, the Srat Q jp ia the smallest, 
and ihfit the others increase in pro- 
Dortion as they remove from the 

9. There ia one case in which the 
image is precisely equal to the object : 
it ia when the distance of the image is 
eaual to that of the object ; and this 
tues place, as 1 have already re- 
marked, when the distance of the f 
obJectAO is double that of the focus 
of the lens ; the image will then be T t, so that the 
distance B 1 ia equal to A Q. )ou have only thea 
to consider the two tiiangjea A P and T A c 
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which having the opposite anelcB at the paint A, aa 
well as the Bides A and A T, equal eaca to each, 
as likewise the an^es at and T, which are both 
light angles ; these two triangleB will be everv way 
equal, and consequently the side T I, which la the 
image, will be equal to the side O P, which is the 

3. If the image were twice fai^ther from the lens 
than the object, it would be double the object ; and 
in generEll, as many times as the image is futhei 
from the lens than the object, so many times will 
it be ^eater than tiie object. For the nearer 
you bnng the object to the glass, the farthsr the 
image retires, and consequently the greater it be- 

4. The contrary takes place when the image ia 
Bearer the lens than the object ; it is then as many 
times smaller than the object as it is nearer the 
lens than the object is. If, then, the distance of 
the image were one thousand times less than that 
of the object, it would likewise be one thouaand 
times smaller. 

5. Let UH apply this to baming-{^assea, which, 
being exposed to the sun, represent its image in tba 
focus, or rather represent the focus, that is, the lami. 
nous and brilliant circle, xrtiich burns, and whicti ia 
nothing else but the image of the sun represented by 
the lens. You will no longer be smpiised, then, at 
the smallness of the image, notwithstanding the pro- 
digious magnitude of the sun, it being as many timea 
smaller in the focus than the real sun, as the dis- 
tance of the sun from the lens is greater than that 
of the image. 

6. Hence likewise it is evident, that thegreater is 
the distance of the focus of a buming-^aaa, the 
more brilliant also ia the circle in the focus, that 
is, the greater will be the image of the sun ; and the 
diameter of the fbcns is always about one hnndred 
times smaller than the distance of the focus from 




I shall aftenmd explain the different nsn which 
may b« nude of convex lenses; they axe all snffi- 
cientlr cniione to merit attention. 



IXTTER LKIVin. 
Bitming-gltuMtt. 

Tbb first use of convex lenses is their em pl6y' 
ment aa bunuDg-glasHes, the effect of which must 
appear altogethei astoniBhing, even to those who 
(UTeady have some acqu^nt^nce with natural philo- 
sophy. In fact, who could believe that the image 
of the sun simply shoold be capable of exciting such 
a prodi^oua degree of heat 1 But your surprise will 
cease, if you i^ease to pay some atteoti<Mi to the 
following reflections : — 

1. LeiMN,JV.151,beabum- 
ing-glass, which receives on its 
surface the rays of the aun R, R, R, 
refracted in such a manner as 
present at F a small luminous ci 
cte, which istheimageofthesun, ' 
and so much smaller as it is net 
to the glass. 

3. All the rays of thesun, which '^ 
fall on the surface of the glaHs are collected in the 
small space of the focus F; their effect, accord- 
ingly, must in that space be as many times greater 
as the sorface of the glass exceeds the magnitude 
of the focQs, or of the sun's image. We say that 
the rays, which were dispersed orer the whole 
surbce of the glqss, are concentrated in the small 
apace F. 

3. The rays of the sun having a certain degree of 
beat, tbey exert their power in a very sensiUe mao- 
net at the focus ; it is possible even to calculate how 
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many ttmm the heat at the fcNnie most exceed the 
nstural heat of the sun's raya : we have onlj to- 
Observe how many times the surTace of the glass is 
greater than the Tocua. 

4. If the glass were not greater than the focoB, 
the heat would not be stronger at the fociis than any- 
where else ; hence we must conchide, that in order 
to the production of a strong heat by a buming- 
glasa, it ia not suRicieDt that it should be convex, or 
that it should represent the image of the sun; it 
must besides have a surface which sexeral tir.ies 
exceeds, the magnitude of the focus, which is smslier 
in pri^ortion as it is nearer to the glass. 

6. France is in possession of the most ezceUent 
burning-glass ; it Is three feet in diameter, and its 
surface is calculated to be nearly two thousand times 
fpvater than the focus, or the image of the sun which 
It represents.' It must produce, therefore, in the 
focus, a heat two thousand times greater than that 
which we feel from the sun. Its effects are accord- 
ingly prodigious : wood of every kind is in a moment 
set on firei metals are melted in a few minutes; 
and, in general, the most ardent tire which we ars 
capable of producing is not once to be compared 
with the vehement heat of this focus. 

6. The heat of boiling water is calculated to be 
about thrice greater than what we feel from the rays 
of the sun in summer ; or, which amounts to tne 
same thing, the heat of boiling water is thrice greater 
than the natural heat of the blood in the human 
. body. But in order to melt lead, we must hav« a 
beat thrice greater than is requisite to make water 

■ 'Hm laiH ben illndnl Is torn, m Mil**, om Ot TVUmikaiunA, 
tbti iba Unka oC Oriuni pnrchuid fiir lbs \udeinT (f Mhkh. A 
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boil ; and to melt copper, a heat BtiU thrice greater 
ia neceaaaiy. To melt gold requirea a much Digher 
degree of heat. Heat, then, one hundred timea ' 
greater than that of our blood is capable of melting 
gold ; how far then tnuat a heat mo thousand times 
greater exceed the force of our ordinary firea < 

7. But how are these prodigious effects produced 
by the raya of the tun collected in the focua of a 
bumiag-glase 1 This is a very difficult question, 
with respect to which philosophers are very much 
divided. Those who mitintain that the rays are an 
emanation from the sun, darted with the amazing 
velocity which I formerly described, are not greatly 
embarrassed for a solution ; they hare only to aay 
that the matter of the rays, striking bodies with 
violence, must totally break and destroy their minute 
particles. But this opinioa is no longer admitted in 
sound philosophy. 

6. The other aystem, which maXea the nature of 
light to consist in the agitation of the ether, appears 
little adapted to explain these surprising effects of 
burning-glasses. On carefully examining, however, 
all the circumstances, we shall soon be convinced ol 
the nossibihty of this. The natural rays of the sun, 
aa tney fall on bodies, excite the minute particles of 
the surface to a concussion, or motion of vibration, 
which, in its turn, is cap^le of exciting new rays ; 
and by these the body in question is rendered visible. 
And a body is illuminated only so far as these 
proper particles are put into a motion of vibration 
BO r^a as to be capable of producing new rays in 
the ether. 

9. It is clear, then, that if the natural raya of the 
■nn have sufficient force to agitste the minute par- 
ticles of bodies, those which are collected in the 
focus must put the particles which they meet there 
"~'~ n agitation so violent that their mutual adhe- 
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the bod^ris combustible, as wood, the dissolution of 
these minute particles, joined to the most rapid agi- 
tation, makes h considerable part ol* it to 6y off into 
air in the form of smoke, and the f^rosser particles 
remain in the form of ashes. Fusible bodies, as 
metals, become liquid by the dissolution of their par- 
ticles, whence we may comprehend how lire acta on 
bodies ,' it is only the adhesion of their minutest par- 
ticles which is attacked, and the particles themselves 
are thereby afterward put into the moat violent agita- 
tion. Here, then, is a very striking effect of bura- 
ing-glasses, which derives its origin from the nature 
of convex lenses.* There are besidos many wouder- 
fiil effects to be described. 
38tM)eeember,n6l. 



LETTER L3tXIX. 

The Ctantra Obsevra. 

Wb likewise employ convex lenses in the amera 
obteura, and b^ means of them all external objects 
are presented m the darkened room on a white sur- 
face, in their natural colours, in such a raamier that 
landscapes and public buildings, or objects in general, 
are represented in much greater perfection than 
the power of the pencil is capable of prodnciny. 
Painters accordin^y avail themselves of ttus meth^ 
inorderto draw with exactness landscapes and other 
objects which are viewed at a distance. The camera 
obacura, then, which is the subject of this Letter, 
is represented at E F G H, Fig. 153, closely shut up 

• In ilw »«* ■ImilT qiiMcd, In p. MS. nut. 1 bin Aown bew born- 

eTHpinla un«, «cK xine cDauunn of iliHi^'ii semrcni^ vrhlch in 
CTDund and poIIbIm) Kpipvelr. Br Itil* mrtun ilw ccnml jam tC 
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Fig. 153, 
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on all sides, except one little raond aperture made 
in one of the window-ahutten, in which is fixed a 
convex lens, of such a focus as to throw the image 
of external objects, say the tree P, exactly on the 
Opposite wall F G, at p. A white and moveable 
table is likewise employed, which ia put in the place 
of the images represented. 

The rays of light, therefore, can be admitted into 
the chamber only through the aperture M N, in 
which the lens is fixed, without which total darkness 
would prevail. 

Let us now consider the point P of any object, 
say the stem of our tree O P. Its rays P M, P A, 
P N, will fall on the lens M N, and be refracted by 
it, BO as to meet again at the point b on 'Uie wsM, or 
on a while table* placed there fbr Ihe purpose. 
This point p will consequently receive no other ravB 
but such as proceed from the point P ; and in lilce 
manner every other point of the table will receive 
only the rays which proceed from the corresponding 
point of the object ; and reciprocally, to every point 
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of the external object will comBpond a point on the 
table, which receives those raya, and no other. If 
the lens were to be removed from the aperture M N, 
the table would be illuminated in quite a different 
manner; for in that case every point of the object 
would difiijso its rays over the wnole table, so that 
OTery point of the table would be illuminated at 
once by all the external objects, whereas at present 
it is M by one only, that whose rays it receives: 
from this you will easily comprehend that the effect 
must be quite different from what it would be if the 
tays entered simply by the qierture M N into the 
chamber. 

Let us now eiamine somewhat more closely 
wherein this difference consists ; and let ds first eup- 
po3e that the point P of the object is green; the 
point of the table p will therefore receive only tiioae 

Seen rays of the object P, and these, reuniting on 
e wall or table, will make a certain impreBaion, 
which here merits considetation. For this purpose 
you will please to recollect the followii^ propo. 
sitions, which I had formerly the honour ofezplun- 
ing to you : — 

I. Colours differ from each other in the saine 
manner as musical sounds; each colour is produced 
bf a determinate number of vibrations, which in a 
given time are excited in the ether. The green 
colour of our point P is accordingly appropriated to 
a certain number of vibrations, and would no longer 
be green were these vibrations more or less rapid. 
Though we do not know the number of vibntions 
which produce such or such a colour, we may how- 
ever be permitted to suppose here that green requires 
twelve thousand vibrations in a second; and what we 
affirm of this number, twelve thousand, may likewise 
be easily underetood of the real number, whatever 
it be. 

3. This being laid down, the point p on the white 
table will be atnick by a motion of vibntion, of which 
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tvelve thousand will be completed in a aecond. 
Now, I have remarked that the particles of a white 
flurface are nil of such a nature as to receive every 
Bort of agitation, more or less rapid ; whereas those 
of a coloured surface are adapted to receive only that 
degree of rapidity which corresponds to their colour. 
And as oui table is white, the point p in it will be 
excited to a motion of vibration corresponding to the 
colour of green; in other words, it will be agitated 
twelve thousand times in a second. 

3. As long as the point p, or the parliole of the 
white surface which exists there, is agitated with a 
umilar motion, this will be commimicated to the par- 
ticles of the ether which surround it ; and this motion, 
diffusing itself in all directions, will generate rays of 
the same nature, that is to say green : just as in 
music, the sound of a certain note, say C, agitates a 
string wound up to the same tone, and makes it emit 
a sound without being touched. 

4. The point y of the white table will accordingly 
produce green rays, as if it were died or painted that 
colour; and what I ailinn of the point ;i will equally 
take place with respect to all the points of the illU' 
minated table, whicli will produce all the rays, each 
of the same colour with that of the object whose 
image it represents. Every point of the table will 
therefore become visible, under a certain colour, aS 
if it were actually painted that colour. 

5. You will perceive, then, on the table, all the 
colours of the external objects, the rays of which 
wiH be admitted into the chamber through the lens ; 
each point in particular will appear of the colour of 
that iMiiut of the object which corresponds to it, and 
you will see on the table a combination of various 
colours, disposed in the same order as you see them 
in the objects themselves ; that is to say, a repre- 
sentation, or rather the perfect picture, of all the ob- 
jects on the outside of the dark chamber which an 
before the letu N N. 
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6. All these object8wiU,howeTer,appearreTer8e4 
on the table, as you will conclude from what 1 have 
■aid in my (brewing Letters. The under part of the 
tree will be represented at o, and the summit P at 
p; for, in ^neral, each ohject must be represented 
on the white table in the place which is the termi- 
nation of the straight line drawn from the object P 
tiiroogh the middle of the lens A : that which is np. 
ward will consequently be represented downward, 
and that which is to the left will be to the right; la 
a word, every thing will be reversed in the picture ; 
the representation will nevertheless be more exsct 
and more perfect than the most accurate painter is 
capable of producing. 

7. You wiU further remark, that this picture will 
be BO much smaller than the objects thenuelvea io 
proportion as the focus of the lens is shorter. Lensea 
of a short focus will accordingly give the objects io 
miniature; and if you would wish to have them 
magnified, you must employ lenses of a longer focus, 
or which represent the images at a greater distance. 

8. In order to contemplate these representations 
more at ease, the rays may be intercepted by a mir- 
ror, from which they are reflected, so aa to represent 
the whole picture on a horizontal table ; and this ia 
of peculiar advantage when we wish to copy the 
ftnages.*. 

3d Jatmary, 1769. 
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LETTER LXXX. 
Reflectiotu m the SepraerOalion in the Caiun Oiitatnt. 

Tbodoh you can no loogBr entertain any doubt 
respecting the representations made in a dark cham- 
ber by means of a convex lens, I hope the following - 
reflections will not appear HupeiDuous, as they serve 
to place this subject in a clearer light: — 

I, The chamber must be completely darkened, for 
were the light admitted the white table would be 
visible, ioid the patticlea of its surface, already agi- 
tated, would be incapable of receiving the impression 
of the rays which unite to form the images of exter- 
nal objects. Though, however, the chamber were a 
little illuminated, still somethingoC the representation 
would appear on the table, but oy no means so Tiiid 
as if the chamber were entirely dark. 

S. Wemustcarefolly distinguish the picture repre- 
sented on the white table from the image which the 
lens in virtue of its own nature represents, aa I have 
formerly explained. It is very true, that placing the 
table in the very place where the image of the ob- 
jects is formed by the lens, this image will be con> 
fonnded by the picture we perceive on the table; 
these two things are nevertheless of a nature entirely 
different: the image is only a spectre or shadow 
floating in the air, which ia visible but in certain 
places ; whereas the representation is a real picture, 
which every one in the chamber may see, and to 
which duration alone is wanting. 

3. Inorderthemoreclearly to elucidate this differ- 
ence, you have oiUy to consider carefully the nature 
of the image a, Fig. 1S3, represented bv the convex 
leuB M N, the ot^ect bein^ at 0. This imag« is 
nothing else but the place m which the rays O M, 
O C, N, of the object, after having passed through 
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the lens, meet by refractiOD, and thence conUnne 
their direction as it they proceeded rnHn the point 
o, though they really ongmated from O, and by no 
means froin o. 

4. Hence the imafte is visible only to eyes situated 
AOmewhere within the aj^te R o Q, as at 8, where 
an eye will actually receive the rays which come to 
it from the point e. But an eye situated out of 
thia angle, as at F or V, will see nothing at all of it, 
because no one of the rays collected at o is directed 
towards it : the image at o, therefore, differs very 
essentially from a real object, and is visible only in 
certain plaees. 

5. But if a white table is placed at 0, and its sur- 
face at this point is really excited to an agitation 
nmilar to tnat which takes place in the object 0, 
this spot of the surface itself generates rays which 
render it visible everywhere. Here, then, is the 
difference between the image of an object and its 
representation made in a camera obscura: the image 
is visible only in certain places, namely, those 
through which are transmitted the rays thai origin- 
ally proceed from the object j whereas the picture, 
or representation formed on the white table, is sees 
ty its own rays, excited by the agitation of the par- 
licles of its surface, and consequently visible ia 
^BVery pl&ce of the camera obacyra. 
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V. It is likewise endent that the wUtB table mnst 
absolutely be placed exactly in the place of the iinaK« 
formed by the lens, in order that ever; point of £e 
table may receive no other rays except such as pro- 
ceed front a siogle point of the object ; for if other 
Tays were likewise to fall upon it, ihej would dis- 
ttiib the effect of the former, or reader tbe repre- 
aentation confuted. 

7. Were the lens to be entirely removed, and fr«« 
admission given to the rays into the dark chamber, 
the white table would be iUnminated bv it, but no 
picture would be visible. The rays of tne different 
objects would fall oji every point of the table, with- 
out expressing any one determinate image. The 
picture, accordingly, which we see in a camera ob- 
Bcura, on a white surface, is the effect of the convex 
lens fixed in the shutter : this it la which collect* 
anew, in a single point, all the ray* that proceed 
ftom one point of the object. 

3. A very singular phenomenon is here however 
observable, when the aperture made in the wiodow- 
ohutter of Uie diark chamber is very small ; for thougta 
ao lens be ap^died ^ou may nevertheless perceive, 
on the opposite partition, the imaKes of external ob- 
jects, and even with their natural colours ; but th« 
representation is venr faint and confused, and if th« 
uMrture is enlarve^ this representation entirely 
disappears. I shdl explain this phenomenon. 

In Pig. IM, M N is 
the smafi aperture through fig. IH. 

which the rays of ex* ' " ""^ 

objects are admitted in 
dark chamber F " 
The waU F O 
the aperture is 
better to receive the impres- 
sion of rays of all sorts. 

Let the point O be an object, of which the raya 
H, N alone, with those which All between 
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them, can enter into the chamber. These ravs wiO 
be confined to the small space o o ot the wall, and 
'Will illuminate it. This space o o will be so much 
■mailer, or approach the uearer lo a point, in pro- 
portion as the aperture M N is small : if then this 
aperture were very small, we should have the elftct 
ftbeady described, according- to which every point 
or the white table receivee only the rays proceeding 
from a single point of the object: there would be 
produced, of consequence, a representation Bimilar 
to that which is produced by the application of a 
convex lens to an aperture in the window-ahutter. 
But in the preaeot case, the aperture being of a cer- 
tain extent, every pomt O of the object will illumi- 
nate a certain small space o o on the wall, and agitate 
it by its nya. The same thing, then, nearly, would 
take place, as if a painter, instead of making points 
with a fine pencil, should with a coarse one make 
spots of a certain magnitude, attending, howevert 
to design end colouring ; the representation made on 
the wall will have a resemblance to this sort of 
daubing; but it will be clearer in proportion to the 
Broallness of the apertnre by which the rays are ad- 
mitted. 
bthJ. 



LETTER LXXII. 

Of lh» Magic Lantern, and Solar J£erate^^. 

Tbi camera obscura has properly no effect except 
on very distant objects, but you will easily compre- 
hend that its apfdication may be equally extended 
to nearer otijecta. For this purpose, the white table 
mnstbe,removed farther from tne tens, conlbrtnably 
to this general rule, that the nearer the object ii 
brought to the convex lens, the farther does the 
image, where the white table ought to be placed, 
ntite from it i and if the chamber is not of miiBr- 




INS SOLAK mcKOBOOFE. 



287 



dbnt depth, a different tens, of a shorter toctm, 
must be employed. 

You may place, then, out o( the chamber, before 
the apterturo to which the conTex leoa is fitted, ai)f 
otiject or picture whatever, and you will see a copy 
of it on the white table within the dark chamber, 
greater or smaller than the original, according as 
the distance of the image is greater or emBller; but 
it would be 'more commodious, undoubtedly, if the 
object could be exposed within the dark chamber, 
in order to its being moved and changed at pleasure. 
But here a great difficulty occurs, — the object itself 
would in this case be darkened, and consequently 
lendered incapable of producin^r the effect we wish. 

The thing wanted, then, is to illuminate the object 
as much aa possible within the dark chamber, and 
at the same time to exclude the lieht. I have found 
out the means of doing this. You will recollect 
that I constructed a machine to the effect I am 
mentioning, which I had the honour of presenting 
to you six years ago ; and now you will easily com- 
prehend the structure, and the principles on which 
It is founded. 

This machine consists of a box very close on all 

sides, nearly of a figure similar to f^. IM. The 

Fig. 104. 
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Arthet aide of vbich E G has an opening I' E, 
ill which are to be fitted the objects, portraita or 
other pictures, P, which ;ou mean to represent ; on 
the other aide, directly opposite, is a tube M N Q K, 
containinff a convex lens M N ; this tube-ia more- 
able, foritie purpose of bringing the lens nearer to 
the object, or of removing it, at pleaaure. Then, 
pTOTided the object P be well illuminated, the 
iena will throw aomewhere the image of it o p, and 
if you there place a white tablet, you will see upon 
it a perfect copy of the object, so mucli the clearer 
as the object itself is more illuminated. 

For this purpose I have contrived in this box two 
Bide wings, for the reception of lampa with targ« 
wicks, and in each wing is placed a mirror to reflect 
the li^l of the lamps on the objects P ; above, at 
E F, IB a chimney, oy which the smoke of the lampa 
passes off. Such ia the construction of this ma- 
chine, within which the object O P may be very 



proper use of this machine, attention n 
to the following remflrks. 

i. On sliding inward the tube M N Q R, that is, 
bringing the lens M N nearer to the object P, the 
image a pwill retire; the white tablet must there- 
fore be removed backwarda, to receive Ihe imase at 
the just distance ; the image will thereby be like- 
wise magnified, and you may go oq to enlarge it at 
pleasure, by preasing the lens M N nearer and nearer 
to the object O P. 

9. On removing the lens from the object, the dis- 
tance of the image will be diminished : the white 
tablet must in thia case be moved nearer to the lens, 
in order to have a clear and distinct repreeentation ; 
but the image will be reduced. 

3. II is obvious that the image will be always re- 
versed ; but this inconvenience is easily remedied ; 
yon hare only to reverse the ot^ect P itself, turn- 
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Ing it upside down, and the image will be repre- 
sented upright on the white tablet. 

4. It 13 a further general remark, that the more 
the image ia magnitied on the white tablet, the less 

uminous and distinct it will be; but on reducing 
the image, it is rendered more distinct and brilliant. 
The reason is plain— the light proceeds wholly from 
the illumination of the object; the greater that the 
space i> over which it is diffused, the more it must 
be weakened, and the more contracted it is, the more 
brilliant. 

5. Accordingly, the more you wish to magnify the 
representation, the more you must s,trengthen the 
illumination of the object, by increasing the light 
of the lamps in the wings of the machine ; but for 
small representations a moderate illumination is 
sufficient. 

The machine which I have been describing is 
called the magic lantern, to distinguish it from the 
common camera obscura, employed for representing 
distant objects : its figure, unuoufitedly, has procured 
it the name of lantern, especially as it is designed 
to contain light ; but the epithet magic must have 
twen an invention of its first proprietors, who wished 
to impress the vulgar with the idea of magic or 
witchcraft. The ordinary magic lanterns, however, 
are not constructed in this manner, and serve to 
represent no other objects but figures painted on 
glass, whereas this machine may be applied to ob- 
jects of all sorts. 

It may even be employed for representing the 
smallest objects, and for niagnifying the representa- 
tion to a prodigie.us .size, so that the smallest Ry 
shall appear as lar^e as an elephant; but for thn 
purpose the strongest tight that lamps can give is 
u<r from being sulScient ; the machine must be dis- 
posed iu such a manner that the objects may be illo- 
mioated biy the rays of the sun, streogtheued by « 
bnming-gfass ; the machine, in this case, changes 

Vol. II.— B b 
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its name, and is called the lofor mwrowep*. I sbdl 
have occasion to epeak of it mors at large in tlu 
sequel. 
9lh Jamiary, 1762. 

LETTER LXXXn. 
Vit and Effect of a tonple Comex Lent. 

Wi likewise employ convex lenses for imme- 
diately looking through : but in order to explain their 
different uses^ we must go into a closer inveetig^Uoa 
of their nature. 

Having observed the focal distance of such « 
glass, 1 have alread;^ remarked, that when th« ob- 
ject is very remote, its image is represented ib the 
focuB itself; but on bringing the object nearer to the 
lens, the image retires farther and farther from it: 
so that if the distance of the object be equal to thai 
of the focus of the. lens, the image is removed to an 
infinite distance, aiid consequently becomes infinitetf 

The reason is, that the rays OH, OM, J^. 155, 
Fig. IM. 

5L-H E 



which come from the point 0, are refracted by the 
lens, BO as to become parallel to each other, as N P 
N F; and as parallel lines are supposed to proceed 
forward to infinity, and as the imaee is aJwaya in 
the place where the rays, issuing from one point 
of the object, are collected again afler the refrac- 
tion ; in the case when the object A is equal to 
that of the focus of the lens, the place of the imigB 
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MRioVea toaninfiiiite dUtance ; and as it is indifferent 
whether we conceive the parallel linesNFand NP 
to meet at an infinite distance to the left or to the 
right, it may be eud indifTerently that the image is 
to the right or to the left infinitely distant, the effect 
being always the aanie. 

Having made this remark, ymi will easily juflge ■ 
what must be the place of the image when the ob- 
ject is brought still nearer to tlltt lens. 

Let O P, Fig. 15©, be the object, 
and as its (Hetance A from the con- 
Tei lens is less than the distance of 
the rocuB, the raj's M, O M, which 
fiiU upon it from the point 0, are too 
dirergent to admit of the possibility 
of their l>eing rendered parallel to 
each other by the relractive power 
of the lens: they will therefore be 
still divergent ailer the refraction, as 
marked by the lines N F,'N F, though 
mw;h less so than before ; therefore, 
if theaeknes areproduced backward, i 
they will meet somewhere at o, as 
you may see in the dotted Ui)eB N o, 
N 0. the rays N F, N K, will of con- , 
sequence, after having passed through ' 
the lens, preservethe same direction k 

as if they had proceeded from the 
pomto, though iheyhave not actnalty passed through 
that point, as it is only in the lens that they have 
taken this new direction. An eye which receives 
these refracted rays N F, N F, will be therefore af- 
fected as if they really came from the point a, and 
will imagine that the object of its vision exists at o. 
There wiU, however, be no image at that point, 
a* in the preceding case. To no purpose would 
you put a white tablet tt a ; it would present no 
picture there for want of rays : for this reason we 
My thit there ia an imaginary image at o, and not » 
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nel one— Qie term magmary being oi^WMd to that 
of Ttai. 

NevertheleBS, an eye placed at E leceJTes tbe aame 
impression as if the object P, from which the njra 
originally proceed, existed at o. It is of great im- 
portance, then, to know, as in the preceding cases, 
tbe place and the magnitude of this imaginary image 
»p. As to the place, it is sufficient to remark, that 
if the distance of the object A be equal to the dis- 
tance of the focus of the lens, the image will be at 
an inSmte distance from it; and thia is what the 
preseot case has in common with the preceding ; but 
the nearer the object is brought to the lens, or tbs 
less that the distance A becomee than that of the 
focus of the lens, the nearer does the imaginary 
image approach to the lena ; though, at the same 
time, it remains always at a greater distance from 
the lens than the object itself. 

To elucidate this by an example, let us suppose 
that the focal distance of the lens is 6 inches ; and 
for the different distances of the object, the an- 
nexed table indicates tbe distance of tbe imagiiury 



1 and a flnb. 

The rule for ascertaining the magnitude of this 
imaginary image o pia easy and general ; you haTO 
only to draw through the middle of the lens, marked 
C, and through the extremity of the object P, ibe 
Btraight line CP p; and where it meets with the 
lino »/ drawn l^wn oat right angles with the azi* 
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of the lena, 70Q will hare fomtd the maenitode of 
the imaginary ima^ op: from which it is evident, 
that this image is always greater than the object 
O P itself, as many times as it is farther from lh« 
lens thHJi the object P. It is likewise evident 
that this ima^e is not reversed, as in the preceding ' 



■aid, the benelit that may be derived from lenses of 
this sort, by persons whose sight is not ndapted to 
the view of near objects, bat who can see them to 
more advantage at a considerable distance. Tliey 
have only to look at objects through a convex lens, 
in order to see them aa if they were very distant 
The defect of sight with respect to near objects 
occure usually in aged people, who consequently 
make use of spectacles with convex glasses, which, 
exposed to the sun produce the elTect of a burning- 
glass, and this ascertains the focal distance of every 
glass. Some persons have occasion for spectacles 
of a very near focus, others of one more distant, 
according to the state of their siglit 1 bnt it is suffi- 
cient for my present purpose to have given a gen- 
eral idea of the use of such spectacles. 
I9M January, 1762. 
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U»e and Effect of a Concave Lent. 

Yeehave seen how convex glasses assist the sight 
of oM people, by representing to them objects as at 
a greater distance than they really are ; there are 
eves, on the contrary, which, in order to distinct 
vision, require the objects to be represented as 
nearer ; and concave glasses procure them this ad- 
raotatre ; which leads me to the explanation of .th« 
Bb3 
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dhot of coneava l«tw«B, which is dicectly the o 
tnry of th« of coavex ones. 
.WhBHtheobjeclOP.fi^. 167, j^,, 157, 

is very distuit, and its rays M, 
O H, fall alDioet parallel on the 
cMtcare l«na TT; in this case, 
instead of becoming convergent 
by the refraction of the lena, 
tbey, on the contrary, become 
more divergBnt, pursuing the 
direction N F, N F, which, pro- 
duced backward, meet al the 
point 01 so that an eye placed, 
for example, at E, receives these 
refracted rays in the same man- 
ner as if they proceeded from 
the point 0, though they really 
proceed from the point ; for 
this reason, I have in the figure 
dotted the alraight lines N 
No. 

As the object is supposed U 
be infinitely distant, were the i 
lens convex the poim would be 
what we call the focus ; but as, ii . 
there is no real concurrence of rays, we call this 
point the imatfioaiy focus of the concave lens ; some 
authors likewise denominate it (Ae^n/o/dij^ifrMon, 
because the raye, refracted by the glass, appesr to 
be dispersed tiom this point. 

Concave leuses, then, have no real focus, like the 
convex, but only an imaginary focus, the distaoce of 
which from the lens A is, however, denominated 
the focal distance of this lens, and serves, by me«ns 
of a rule similar to that which is laid down for coo- 
vex lensaa, to determine the place of the image, 
when the ^ect is not infinitely distant. Now, this 
imaga la always imaghtary ; whereas in the case of 
convex lenses, it becomes so only when the object ia 
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QMrer than tke distance of the focus. Wiltatwt 
entering into the ezplaoatioD of this rule, which 
respects calculation merely, it is sufficient to re- 
mark: — 

1. When the abject O F is infinitely distant, the 
imaginary image o pis represented at the focal die- , 
taace of the concave lens, and this, too, on the same ' 
side with the object. Nevertheless, though this 
image be imaginary, the eye placed at E is quite as 
much affected by it aa if it were Teal,£(H]forDtab^ 
to the eiidanation given on the subject of convex 
lenses, when the otgect is nearer the lens than its 
focal distance. 

9. On bringing the object-O P nearer to the lens, 
its image o p wm likewise approach nearer, but in 
such a manner that the ima^ will always be nearer 
to the lens than the object is ; whereas, m the caae 
of convex lenses, the image is more distant from the 
lens than the object. In order to elucidate this mors 
clearly, let us suppose the focal distance of the con- 
cave lens to be e mches. 

Jffllte DuUata n/iie Objtel 



landahalT. 

3. By the same rale you may always delermfaM 
the magnitude of the imaginary image o p. Yon 
dzaw firom the middle of the lens a straight line, to 
the extremity of the object P, which will pass through 
the extrranity p of the image. For, since the line 
P A represents a ray coming from the extremity of 
the olnsct, this same ray mutt, after the refracuout 
pass Inrough the extremity of tbo image; but aa 
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this nyVA passes through The middle of th« lens, 
it undergoes no rerraction ; therefore it must itself 
pass through the eitremity of the image, at th« 
point p. 

4. This imaee is not reversed, but in the same 
position with the object; and it may be laid down 
as a general rule, that whenever the image falls on 
the same side of the lens that the object is, it is 
^wajs represented upright, whether the lens be 
conT«x or concave; but when represented on the 
Other side of the lens, it is always reversed ; and this 
can take place only in convex lenses. 

6. It is evident therefore that the images repre- 
sented l^ concave lenses are alwavs smaller than the 
Objects ; (he teason ia obvious — the image is always 
nearer than the object; yon have only to look at 
the figure to be aatisficd of this truth. These ai« 
the principal propertiea to be remarked respectinr 
the nature of concave lenses, and the manner in whi^ 
objects are represented by them. 

It is noweasy to comprehend how concave glasses 
may be rendered essentially serviceable to persons 
whose sight is short. You are acijnainted with some 
who can neither read nor write without bringing the 
paperalmost close to their nose. In order, therefore, 
to their seeing distinctly, the object must h« brought 
very near to the organ of vision : I think I have for- 
merly remarked that such persons are denominated 
myopti. Concave lenses,then,maybemade of great 
use to them, for they represent the most distant ob- 
jects as very near ; the image not being farther from 
such glasses than their focal distance, which, for the 
most part, is only a fen inches. 

These images, it is true, are much smaller than 
theobjects themselves; batthisbvnomeanB prevents 
distinctness of vision. A amaU object near may 
appear greater than a very large body at a distattce. 
In &ct, the head of a pin appeara to the eye gnmter 
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than ■ atBT in the heaTOiu, though' that star tu es- 
caed* tha sartti in maniituile. 

Persona whose sint ia short, or myope*, bxn 
occasion, then, for giassw which represent objects 
as neater; such are concave leruM. And those 
whole sight is long, or pretbytu, need conrex 
^sssss, which Rpreeeat to them objecta at a gieater 
oiitance. 

lOM January, 1763. 
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Magmtudt, « 



Of distant objects, and ttiat pntoytet empiov eonTex 
glasses in onler to a raore distant vision or ancb as 
are noar ; each sight has a certain extent, and each 
requires a ^laaa which shall lepreaent cAjecta per- 
fectly. This distaoce in the mifoptt is rery small, 
and in the prettftet very great ; but there are eyes 
so h^pily coniormed as to see nearer and more 
distant objects equally well. 

Nevertheless, of whatevei 
sight may be, this distance is n 
is no myopt capable of seeing distinctly at the dis- 
tance of less tlwn an inch ; you most have observed, 
that when the object is brought too close to the eye, 
it has a very coiuused appearance ; this depends on 
the stracture of the organ, which is s&ch in the hu- 
man species as not to admit of their seeing objects 
very near. To insects, on the contrary, very distant 
objects are invisible, while they easily see such aa 
are nearer. I do not believe that a fly is capable of 
seeing the stars, because it can aee extremely well 
at the distance of the tenth p»rt of an inch, a di>- 
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tance at which the human eye can distinguish abea- 
lutely nothinc;. This leads me to an exjHanetiiHi of 
the mJcrOBCope, which represents to us the emallest 
object as if it were very great. 

In order to convey el just idea of it, I must entreat 
you carefully to distinguish between the apparent 
and the real magnitude of ererj object. Real mag- 
nitude constitutes the object or geometry, and is in* 
variable aa long aa the body remains in the same state. 
But appai^t magnitude admits of infinite vahe^, 
though the body may remain always the same. The 
atars, accordingly, appear to us extremely smajl, 
though their real magnitude is prodigious, because 
we are at an immense distance from them. Were 
it possible to approach them, they would appear 
greater ; from which you will conclude that the ttp- 
parent magnitude depends on the angle fontied in our 
eyes by the rays which proceed from the extremitiea 
of the object. 

Let P O Q, Fig. 168, be the object of Fig. 168. 
vision, which, if the eye were placed 
at A, would appear under the angle 
. P A Q, called the visual angle, koA 
which indicates to us the apparent 
ma^itude of the object; it is evident, 
on uispecting the Rgure, that the far- 
ther the eye withdraws ttom the ob- 
ject, the smaUer this angle becomes, 
and that it is possiUe for the greatest 
bodies to appear to us under a very 
small visual angle, provided our dis- 
tance from them be very great, as is 
thecase wiihtheBtars, Butwhenihe 
eye approaches nearer to the object, 
and looKs at it from B, it will appear q 
under the visual ande P B Q, which 
isevidently greater than P A Q. LetthseyeadyaitM 
atill forward to C, and the visual angle P C Q ia still 
greater. Further, the eye being ^aced at D, the 
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Tianal anrie will be P D Q ; and on advancing for- 
irard to E, the visual angle will be P E Q, always 
greater and greater. The nearer, thererore, the eye 
approaches te the object, the more the visual angle 
increases, and consequently likewise ihe apparent 
magnitude. However small the object maybe, it is 
possible, thererore, to increase its apparent magnitude 
at pleasure : you have only to bring it so near the 
eye as is necessary to form such a visual angle. A 
fly near enough to the eye may, of consequence, 
appear under an angle as great as an elephant at 
Ihe distance of ten feet. In a comparison o^ this 
sort, we must take into the account the distance at 
which we suppose the elephant to be viewed ; un- 
less this is done, we affirm absolutely nothing; for 
tut elephant appears great only when we are not 
very far from it ; at the distance of a mile, it would 
be impossible, perhaps, to distingush an elephant 
from a pig; and, transported to the moon, he would 
become absolutely invisible ; and I might affirm 
with truth, that a fly appeared to me greater than 
an elephant, if the latter was removed to a very 
considerable distance. Accordingly, if we would ' 
express ourselves with precision, we must not 
speak of tho apparent magnitude of a body, without 
taking distance likewise into the i 



e body may appear very preal or very small ac- 

ding as its distance is greater or less. It is very 

easy, then, to see the smallest bodies under very 



great visual angles ; they need only to be placed 
Terv close U> the eye. 

This expedient may be well enough adapted lo a 
fly, but the human eye could see nothing at too 
small a distance, however short the sight may be; 
besides, persons of the best sight would wish to see 
likewise the smallest objects extremely magnified. 
The thing required, then, is to find Ihe means of en- 
abling us to view an object distinctly, noiwilhstaiid- 
. ii% ita great proximity to the eye. Convex lemra 
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render us this service, bfremoriug the imsge of o^ 
Jects which are too near. 

Let a verr small convex lens M N be employed, 

Fig. IBS, tile focal distance of which shall be oaU an 

Fig. 169. 



inch; if you place before it a small object O P, at a 
distance somewhat less than half an inch, the lens 
will represent the iinage of it o p, as far olT as could 
be wished. On placing the eye, then, behind tbe 
lens, the object will be seen as if it were at o, and at 
a sufficient distance, as if its ma^itude were o p : 
as the eye is supposed very near tne lens, the visual 
an^le will be ;> t o, that is, the saiAe as P t O, under 
which the naked eye would see the object O P in 
that proximity ; but the vision is become distinct by 
means of the lens : such is the principle on whicfi 
' microscopes are constructed. 
ISM Jatiuaiy, 1763. 



LETTER LXXXV. 

£riMMtum of Iht Magnitude of Obfecti oiewed thnmgli 
tne Microscope. 

WKtn several persons view the same object 
through a microscope, the foot of a flf , for exiintple, 
tbey all agree that they see it gi«Htly magnified, but 
their judgment respecting the reMl magnitude wiU 
vary; one will say, it appears to him as targe as that 
of a horse ; another, as that of a goat : a third, as 
that of a cat. No one then advances anv thingpoti' 
Uf e OD the subject, unless be adds at what distance 
he TJewB the feet of the horse, Ike goat, vt the onL 
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They all mean, therefore, wiltioat expreeifng it, a 
certain distance, which is undoubtedly different ; con- 
sequently, there is no reason to be surprised at the 
variety of the judgments which they pronounce, aa 
the foot of a horse viewed at a distance, may very 
well appear no bi)(ger than that of a cat *iewM near 
to the eye. Accordingly, when the question ia to 
Ik decided, Hour much does the microscope mag- 
nify an object 1 we must accustom ourselves to a 
more accurate mode of expression, and particularly 
to specify the distance, in the comparison which we 
mean to institute. 

It is improper, therefore, to compare the appear- 
ances presented to us by the microscope with objects 
of another nature, which we are accustomed to view 
sometimes near and sometimes at a distance. "Hie 
most certain method of resisting this estimation 
seems to be that which is actually employed by au- 
thors who treat of the microscope. They compare 
a small object viewed tbrougli tne microscope with 
the appearance which it would present to the naked 
eye on being removed to a certain distance; and 
they have determined, that in order to contemplate 
such a small object to advantage by the naked eye, 
it ought to be placed at the distance of eight inches, 
which is the standard for (food eyes, for a shorl- 
siglited fterson would bring it closer to tlie eye, and 
one Ckr-si^ted would remove it. But this difference 
does notaffect the reasoning, provided the regulating 
distance be settled ; and no reason can be assigned 
for lixing on any other distance than that of eight 
inches, the distance received by all authors who 
have treated of the subject. Thus, when it is said 
that a' microscope magnifies the object a hundred 
times, you are to understand that, with the assist- 
ance of such a microscope, objects appear a hundred 
times greater than if you viewed them at the dis- 
tance of eight inches ; and thus you will form a just 
idea of the effect of a microscope. 

ToL. 11.— C c 
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In ^DeTa1,a microscope magnifies as mait^ times 
as an object appears larger than if it were viewed 
without ihe aid of the glass at the distance of eight 
JDchee. You will readily admit that the efTect is 
surprising, if an object is made to appear even a 
hundred times greater than it would to the naked 
eye at the distance-of eight inches : hut it has been 
carried much farther ; and microscopes have been 
constructed which magnify live hundred times — a 
thing almost incredible, in auch a case it might be 
with truth affirmed that the leg of a fly appean 
greater than that of an elephant. Nay, I have full 
conviction that it is possible to construct micro- 
scopes capable of magnifying one thousand, or even 
two thousand times, which would undoubtedly lead 
to the discovery of many things hitherto unknown. 

But when it is affirmed that an object ji-^ ,g~ 
appears through the microscope a himdred *' 
times greater than when viewed at the dis- ' 
tance of eight inches, it is to be under- 
stood that the object is magnified as much 
in length as in breadth and depth, so that 
each of these dimensions appears a hundred 
times greater. You have only, then, to 
conceive at the distance of eight Inches 
another object similar to the lirsl.but whose 
length is a hundred times greater, hs well 
aa its breadth and depth, and such will be 
the image viewed through the microscope. 
Now, if the length, the breadth, and depth 
of an object be a hundred times greater , 
than those of another, you will easily per- 
ceive that the whole extent will be much n jq 

more than a hundred limes greater. In [ T 

order to put this in the clearest light, let ^ I 

ua conceive two parallelograms A B C D, 

and E F G H, Fig. 160, of the same breadth, Uit that 

the length of the first, A B, shall be five times gteater 




tlian the length of the other, E F ; it is evident that 
the area, or space contained in the first, is fire 
times greater than that contained in the other, as 
in fact this laat is contained five limes in the lirst. 
To render, then, the parallelogram A D five times 
groater than the parallelogram E H, it is sufficient 
that its length A fi be five times greater, the breadth 
being the same ; and if, besides, the breadth were 
likewise five times greater, it would become five 
times greater still, that is, five times five times, or 
Iwenty-five times greater. Thus, of two surfaces, 
if the one be five tim'es longer and live times 
broader than the other, it is in fad twenty-five limea 

If we take, further, the height or depth into the 
account, the increase will be still greater. Conceive 
two apartments, the one of which ia live times 
longer, five times broader, and five times higher 
than die other; its contents will be five times 35 
times, that is, 135 times greater. When, therefore, 
it is said that a microscope magnifies 100 times, as 
this is to be understood, not only of length, but of 
breadth, and depth, or thickness, that is, of three 
dimensions, the whole extent of the object will be 
increased tOO times tOO times 100 times; now 100 
times 100 make 10,000, which taken again 100 times 
make 1,000,000 ; thus, when a microscope magnifies 
100 times, the whole extent of the object is repre- 
sented 1,000,000 times greater. We satisfy our- 
selves, however, with saying that the microscope 
magnifies 100 times ; but it is to be understood that 
all the three dimensions, namely, length, breadth, 
and depth, arc represented 100 times greater. If, 
then, a microscope should magnify 1000 times, the 
whole eitent of^ the object woiUd become lOOO 
times 1000 times 1000 times greater, which makes 
1,000,000,000, or a thousand millions : a most aston- 
iahipg effect! This remark is necessary to tba 
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formation of a just idea of what is said respectiiif 
tiw power of microscopeB." 
— ■ ' f, 1769. 



LETTER LXXXVI. 



HxTna explained in what manner we are enaUed 
to Judre of the power of microscopes, it wiU be eaaj 
to unfold the fundamental principle for the con- 
struction of Bimple microscopes. And here it may 
be necessary to remark, that there are two kinds 
of microscopes; some consisting of a single lens, 
others of two or more, named, accordingly, simple 
or compound microscopes, and which reauire par- 
ticular elucidations. I shall confine myself at preo- 
ent to the simple microscope, which consists of m 
single convex lens, the effect of which is determined 
by the following proposition: A limple microMeopa 
magnifies at many {tm« at iU focal ditlanct ii nearrr 
than eight inches. The demonstration follows. 

LetMN, Pi^.lBI, beacon- jiv-. loi 

vex lens, whose focal distance, I- *' 

at which the object O P must 
be placed nearly, in order that , 
the eye may see it distinctly, 
shaU be C ; this object will 
be perceived under the onde " 

O C P. But if it be viewed at the distance of eight 
inches, it would i^ipear nnder an angle as many times 
smaller as the distance of eight inches surpasses 
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the distance C 0: the object will appear, therefore, 
as many times greater than if it were viewed at tiie 
distajice or eight inches. Now, in conformity ta 
the rule already established, a microscope magniHes 
aa many times as it piesenls the object ^ater than 
if we viewed it at the distance of eight inchei. 
Consequently, a microscope magnifieH as many 
times as its focal distance is less than eight inches. 
A tens, therefore, whose focal distance is an inch 
will magnify precisely eij^t times ; and a lens whose 
focal distance is only half an Inch will magnify six- 
teen times. The inch is divided into twelve parU, 
called lines ; half an inch, accordingly, contains six 
lines : hence It would be easy to determine how 
many times every lens, whose focal distance is given 
in lines, must magnify ; according to the following 
table:— 

Focal distance of the lens in lines. 

19, S, 6, 4, 3, 3, 1, i lines, 

maginifies B, l% 16, 31, 33. 4fl, 98, 193 times. 

Thus a convex lens whose focal distance is one 
Uoe magnifies nimty-iix limes ; and if the distance 
be half a line, the microscope will magnify one Aun- 
drtd and ninety-lao, that is, near two hundred times. 
Were greater effect still to be desired, lenses must 
be constructed of a still smaller focus.* Now, it 
has been already remarked, that in order to con- 
struct a lens of any certain given focus, it is only 
necessary to make the radius of each face equal lo 
thst focal distance, so that the lens may become 
equally convex on both sides. I now proceed, then, 
t« place before you, Pig. 163, the form of some of 
these lenses or microscopes : — 

No. I. The focal distance of this lens A is one 
inch, or. twelve lines. This microscope, therefore, 
magnifies eight times. 
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No. II. The focal disUnce of the Pit. 168. 
leiu H N is eight lioea. This micro- , j k^^ 
Kope magnifiea twelve times. i t*h&- 

No. lU. The focal distance of tho » 

letia M N is six lines. This micro- 



scope magnifieH sixteen timea. 

No. IV. The focal diitance of thia via'^^ 
lens is fonr lines; and such a micro- A^4^ 
scope magnifies twenty-four times. rn-?— ^ 

No. V. The focal distance here is ^-^^ 

three lines. Thia microscope magni- '^^ 

fies thirty-two times. '— t ^ 

No. VI. The focal distance here is ^"^ 

two Unea. This microscope magni- Hlg- 

fies fortr-ei^t times. ^^ 

No. Vll. The focal distance of this ^ ' 

lens ia onlp one line ; and such a microscope mag- 
nifies ninety-six times. 

It ia possible to construct microscopea alill mucb 
smaller. They are actually executed, and much 
more considerable efl^cts are produced; whence it 
must be carefully remarked, that the distance of this 
object from the glasa becomes smaller and smaller, 
as it must be nearly equal to the focal distance of 
the lens. 1 say nearly, as every eye brings the glasa 
closer to it somewhat more or less, aecordiiu to ita 
formation ; the short-sighted ^iplr it closer, the far- 
sighted less so. You [>erceire, then, thst the eSect 
is greater ss the microscope or lens becomes smaller, 
ai^ the closer likewise the object must be applied: 
this is B Tery great inconvenience, for, on the one 
hand, it is troublesome to look through a glass so 
very small; and, on the other, because the object 
must be placed so near the eye. Attempts have 
been made to remedy this inconvenience t^ a proper 
mounting, which may facilitate the use of it; but tin 
viaion ofthe object ia considerably disturbed as soon 
as the distance of it undergoes the slightest change : 
and as in the case of a very small lens the object must 
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almost touch it, whenever the surface of the (Aject 

is in the least degree unecual, it is seen but „. .„ 
coafasedly. For, while the eminenceB are *' 
viewed at the just distance, the caTities, 
being too far removed, must be seen very 
confusedly. This renders it necessary to 
Ib^ a^ide simple microscopes when we 
wish to magnify verv considerably, and to 
Iiave recoune to tne compound micro- 
ficope. 
fieiA Janaort/, 1763. 



LETTER LXXXVn. 

jLinwtf and De/tett of the SimpU Mieroteope. 

Yov bave now seen how Bimole micro- 
fScopes may be constructed, wnich shall 
inagnify as many times as may bo desired ; 
you have only to measure off a straight line 
«f eight inches, like that which 1 have 
mailied A B,* Fig. 163, which contains 
precisely eight inches of the Rhenish foot, 
which is the standard all over Germany. 
This line A B must then be subdivided 
into as many equal parts as correapoud to 
the number of times you wish to masnify 
the object proposed, and one of these 

Cwill give the focal distance of the 
that is requisite. Thus, if you wish 
to magnify a hundred times, you must 
take the huildredlh part of the line A B ; 
consequently, you must construct a lens 
whose focd mstance shall be precisely 
eqtUJ to that part A i, which will give, at 
the same time, the radius of the surfaces 
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of the lenB represented in No. VII. of the preceding 
figure. Hence it is evident, that the greater the 
enect we mean to produce, the smaller must be the 
lena, as well as the focal distance at which the object 
O P must be placed before the lens, while the eye is 
applied behind it : and if the lens were to be made 
twice smaller than what I have now described, in 
order to magnify two hundred times, it would be- 
come BO minute as almost to require a microscope 
to aee the lena itself; besides, it would be neces- 
sary to approach so close as almost to touch the 
lens, whicn, as I have already observed, would be 
very inconvenient. The effect of the microscope, 
therefore, could hardly be carried beyond two hun- 
dred times ; which is ny no means suScient for the 
investigation of many of the minuter productions 
of nature. The purest water contains smnll ani- 
malcules, which, though magnified two hundred 
times, still appear no bigger than fleas ; and a mi- 
croscope which ahould magnify 30,000 times wonld 
be necessary to mngaify their appearance to the size 
of a rat ; and we are far from reaching this degree, even 



with the assistance of the compound microscope." 
But besides the inconveniences attending the use 
of simple microscopes which have been already 
pointed out, all those who employ them with a view 
to veiT great effect complain of another consider- 
able aefect ; it is this — the more that objects are 
magnified, the more obscure they appear ; they seem 
as if viewed in a very faint li^ht or by moonliffbt, so 
that you can hardly distinguish any thing clearly. 
You will not be surprised at this, when you recol- 
lect that the hght of the full moon is more than 
two hundred thousand times fainter than that of the 

It is of much importance, therefore, to explain 
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whence thiB diminutioa of light proceeds. We can 
«asil; comprehend, that if the rays which proceed 
from a very BmuU object must repreeent it to us as 
if it were much larger, this smalk quantity of liKht 
would not be sufficient. But however well founded 
this reasoning may appear, it wants solidity, and 
throws only a false light on the question. For if 
the lens, as it proceeded in magnifying, necessarily 
produced a diminution of clearness, this must like- 
wise be perceptible in the smallest effects, even 
supposing it were not to so high a degree ; but you 
may magnify up to flRy times, without perceiving 
the least apparent diminution of light, which, how- 
ever, ought to be fiflv times fainter, if the reasons 
adduced were just. We muat look elsewhere, tiien, 
forthe cause of this phenomeooo, and even resort 
to the first principles of vision. 
I must entreat you, then, to recollect what I have 
. already su^ested respecting the use of the pupil, or 
that black aperture which we see in the eye at the 
middle of the iris. It is through this aperture that 
the rays of light are admitted into the eyej accord- 
ingly, the larger this aperture is, the more rays are 
admitted. We must nere consider two cases in 
which objects are very luminous and brilliant, and 
in which they are illuminated by only a venr faint 
hght. In the first, the pupil contracts of itself, with- 
out any act of the will ; and the Creator baa bestowed 
on it this faculty in order to preserve the interior of 
the eve from the too dazzling effect of light, which 
woula infallibly injure the nerves. Whenever, there- 
fore, we are exposed to a very powerful bght, we 
observe that the pupil of every eye contracts, to 
prevent the admission of any more rays into the eye 
than are necessan to paint m it an image sofficienUy 
luminous. But the contrary takes place when we 
are in the dark ; the pupil in that case entands, to 
admit the light in a greater quantity. This chango 
u easily perceptible every time we pas»(tom a dark 
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to a luminoud situation. With respect to the subject 
before us, 1 confine myself to this circumstance, that 
the more rays of liffht are admitted into the eye, the 
more luminous wifl be the image transmitted to the 
retina ; and reciprocally, the smaller the quantity of 
rays which enter the eye, the fainter does the image 
become, and, consequently, the more obscure does 
it appear. It may happen, that though the pupil is 
abundantly expanded, a few rays only shall be ad- 
mitted into the eye. You have only to prick a little 
hole in a caid with a pin, and look at an object 
through it ; and then, however strongly illuminated 
by the sun, the object will appear dark in propor- 
tion as the aperture is small ; nay, it is possible to 
look at the sun itself, employing this precaution. 
The reason is obvious, a few rays only are admitted 
into the eye ; however expanded the pupil may be, 
the pin-hole in the card determines the quantity of 
light which enters the eye, and not the pupil, which 
usually performs that function. 

The same thing takes place ia the microscopes 
which magnify very much ; for when the lens is ex- 
tremely small, a very few rays only are transmitted, 
as mn, Fig. 165, which being smaller than jpig, 105, 
the aperture of the pupil, make the object ^.,,^* 

appear so nmch more obscure ; hence it is ^4@^ 
evident that this diminution of light takes * ^ 
place only when the lens M N, or rather its open 
part, is smaller than t^e pupil. If it were possible 
to produce a great magnifying effect, by means of a 
greater lens, this obscurity would not take place ; 
and this is the true solution of the (question. In 
order to remedy this inconvenience m the great 
effects of the microscope, care is taken to illumi- 
nate the object as strongljr as possible, to give greater 
force to the few rays which are conveyed into the 
eye. To this effect objects are illuminated by the 
sun itseljf; mirrors likewise are employed, which 
reflect on them the light of the sun. These aro 
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nearly dl the circumstances to be considered re- 
epecting the eimple microscope, smd by these you 
will easily form a Judgment of the efi^t of all those 
which you may have occasion to inspect.* 
30th January, 1762. 



LETTER LXXXVIII. 

On Teleteopei, and thtir Effect. 

BiToBi I proceed to explain the construction of* 
compound microscopes, a digression respectiug the 
telescope may perhaps be acceptable. These two 
instruments have a very inlimule connexion; the 
one greatly assists the elucidation of the other. As 
microscopes serve to aid us in contemplating nearer 
objects, by representing them under a much greater 
angle than wnen viewed at a certain distance, say 
eight Inches ; so the telescope is employed to assist 
our observation of very distant objects, by repre- 
senting them under a greater angle than that which 
they present to the naked eye. Instruments of Ihis 
sort are known by several names, according to their 
size and use ; but they must be carefully distinguished 
fhim the glasses used by aged persons to reheve the 
decay of sight. 

A telescope magnifies as many times as it repre- 
sents objects under an angle greater than is pre- 
sented to the naked eye. 1'he moon, for example, 
appears to the naked eye under an angle of half a 
degree; consequently,a telescope magnifies lOOIImes 
when it represents tne moon imder an angle of fifty 
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gree. If it magnified 200 times, it would represent 
the moon under an angle of one hundred degrees; 
and the moon would in that case appear to fill more 
than half of the visible heavens, whose whole extent 
is only 180 degrees.* 

In common language, we say that the telescope 
brings the object nearer to us. This is a very equi- 
vocd mode of expression, and admits of two different 
significations. The one, that on looking through a 
telescope, w6 consider the object as many times 
nearer as it is magnified. But I have already re- 
marked, that it is impossible to know the distance of 
objects but by actual measurement, and that such 
measurement can be applied only to objects not 
greatly remote ; when, therefore, they are so remote 
as is here supposed, the estimation of distance mi^ht 
greatly mislead us. The other signification, which 
conveys the idea that telescopes represent objects as 
great as they wonld appear if we approached nearer 
to them, is more conformable to truth. You know 
that the nearer we come to any object, the greater 
becomes the angle under which it appears; this 
explanation, accordingly, reverts to that with which 
I set out. When, however, we look at well-known 
objects, say men, at a great distance, and view them 
through a telescope under a much greater angle, we 
are led to imagine such itien to be a great deal nearer, 
as in that case we would, in effect, see them under 
an anfi^le so much greater. But in examining ob- 
jects less approachable, such as the sun and moon, 
no measurement of distance can take place. This 
case is entirely different from that which I have for- 
merly submitted to you, that of a concave lens, em- 

* The mftgnlfying power is aacertRined by mea«artiif the apertofe 
of tbe objecv>glae9, and that ofthe little image of it whieh ta Ibrmedai cba 
end of tbe eye-piece ; the proportion between tbeee will give the rwlo of 
tbe tnagnifying power. 

When ainffle leneea are used, the power of a glaaa ia raadily diaaoftfeJ 
by dividing t|»e fb«l length of tbe ot^-glaaa by that oTthe i 
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fiiujcU by near-Righted persona, which represents 
be images of objects at a very amall diBtance. The 
concave lens which I use, for example, repreBenis to 
me the imagea of all remote objects at the distance 
or four inches ; it ia impossible for me, however, to 
imagine that (he sun, moon, and stars are so near: 
accordingly, we do not conclude that Objects are 
where their images are found represented bv glasses ; 
we believe this as little as we do the existence ot 
objects in our eyes, though their images are painted 
there. You will please to recollect, that the esti- 
mation of the real distance and real magnitude of ob- 
jects depends on particular circumstances. 

The principal purpose of telescopes, then, is to 
increai^e, or multiply, the angle under which objects 
appear to the naked eye ; and the principal division of 
telescopes is estimated by the effect which they pro- 
cure. Accordingly, we say such a telescope mini- 
fies five, another ten, another twenty, another thirty 
times, and so on. And here I remark, that pocket^ 
glasses rarely magnify beyond ten times; nut the 
usual telescopes employed for examining very dis- 
tant terrestrial objects magnify from tteenty to tMrty 
times, and their length amounts to lix feet or more. 
A similar effect, though very considerable with 
regard to terrestrial objects, is a mere nothing with 
respect to the heavenly bodies, which require an 
effect inconceivably greater. We have, acccuiiingly, 
astronomical telescopes which magnify from 60 
to 200 times ; and it would be difficult to go further, 
M, according to the usual mode of constructing 
them, the greater the effect is the longer they 
become. A telescope that shall maflni'y 100 times 
must be at least 30 feet long: and one of 100 feet 
in length could scarcely magnify 200 times. You 
must be sensible, therefore, that the diffcultv of 
pointing and managing such an unwieldy machine, 
must oppose insurmountable obstacles to pushing 
the-oxperiment further. The famous He*^u>,thft 
Vol. li.— Dd 
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■atroooroer at Dantiic, employed lelescopea 300 
feet long : but such instrument must undoubtedly 
have been very defective, as the same things are 






now discovered by instraments much shorter. 

This is a brief general description of telescopes, 
and of the different kinds of ttiem, which it is of 
importance carefully to remark, before we enter into 
a detail of their construction, and of the manner in 
which two or more lenses are united, in order to 
produce all the dilferent effects. 

Od February, 1763. 



LETTER LXXXIX. 
Of Pocket-glasses. 

We have no certain information respecting the 
person to whom we are indebted for the discovery 
of the telescope : whether he were a Dutch artist, or 
on Italian of the name of Porta.* Whoever he waa, 
it is almost one hundred and GIty years since small 
pocket-glasses were first constructed, composed of 
two lenses, of which the one was convex, and the 
Other concave. To pure chance, perhaps, a disco- 
»ery of so much utility is lo be ascribed, li was 
possible, without design, lo place two lenses nearer 
to or farther from each other, till the object appeared 
dlHtinctly. 

The convex lenaP A P, Fig. 166 is directed towards 
Fig. 166. 
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the object, and the «ye is applied to the concave 
lena Q B Q i for which reason, the lens P A P ta 
named the ebject-glaii, and Q B Q the eyt-glatg. 
These two lenses are disposed on the same axis 
A B, perpendicular to tioth, and passing through their 
centres. The focal distance of the coovez lena 
PAP must be greater than that of the concave ; and 
the lenses must be disposed in aiich a manner, that 
if A F be the focal distance of the objective PAP, 
the focus of the eye-glass Q Q B must fall at the eanie 
point F; accordingly, the interval between the lenses 
A and B is the difTerence between the focal dis- 
tances of the two lenses, A F being the focal distance 
of the object-glass, and B F that of the e^re-glasa. 
When the lenses are arran^d, a person with good 
eyes will clearly see distant objects, which will ap- 
pear as many times greater as the line A F is greater 
than B F. Thus, supposing ihe focal distance of the 
object-glass to be six inches, and that of the eye- 
glass one inch, the object will be magnifledsix times, 
or will appear under an angle six times ^ater than 
^en viewed with the naked eye ; and, m this case, 
the interval between the lenses A, B will be live 
inches, which is, at the same tine, the length of th« 
instrument. There is no need to inform you that 
these two lenses are cased in a tube of the same 
length, though not thus represented in the figiHe. 

Having shown in what manner the two lenses are 
to be joined together, in order to produce a good 
instrument, two things must be explained' to you: 
ie, How these lenses come to represent objects 



B F. With respect to the first, it must be remarked, 
that a good eye sees objects best, when they are to 
distant that the rays which fall on the eye may be 
considered as parallel to each other. 

Let us consider, then, a point V, Fig. 167, in th« 
object towards which the iostniment is directed, and 
ovt the suppoeitiou of ita being very diataut, the laji 
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whichfalloiitheobject-glaB8P(J,OA, Fig. W7. 
P Q, vill be almost parallel to each ' 
other; accordingly, the object-glass, 
QAQ,b«inK'acoavex lens, will collect 
them in its locus F, so that these rays, 
being convergent, will not suit a Bood Vh^ 
«ye. But the concave lens at B, liav- 
iag the power of rendering the rays 
(BDre divergent, or of diDiinistiing their 
ooDver^ncy, will refract the rays Q R, 
Q R, so that they shall become parallel 
. toeach other; that is, instead of meet- 
ing in the point F. they wiU assume the 
direction R S, R S. pantllel to the axis 
B F, Thus a good eye, according to 
which the construction of these is 
always regulated, on receiving these 
parallel rays R S, B P, R 8, will see 
the object distinctly. The rays R S, R S become 
exactly parallel to each other, Dec ause the concave 
lens hasits focus, or rather its point of dispersion, at F. 
You have only to recollect, that when parallel 
rays fall on a concave lens, they become diver^rent 
b;y refraction, so that being produced backward, they 
meet in the focus. This being laid down, we have 
only to reverse the case, and to consider the raya 
S R, S R, as falling on the concave lens : in this caae 
it is certain they would assume the directions R Q, 
RQ, which produced backwards would meet in Ihs 
point F, which is the common focus of the convex 
and concave lenses. Now it is a general law, that ia 
whatever manner rays are refracted In their passage 




If, therefore, the refracted rays R Q, R Q 
correspond to the incident rays S R, S R ; then, re. 
ciprocallv, the rays Q R, Q R, being the incident ones, 
the refracted rays will b« R S and R S. 

The matter will periiaps appear in a clearer ligbt 
«tiU. when I sav that concave lenses have the power 
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of rendering parallel those rays which, without the re- 
fraction, would proceed lotheirfocuB. You will please 
carefully to attend to the following laws of refractioa, 
which apply to both conrex and concave leDaes. 



1. By a convex 
lens, Fig. 168, paral- 
lel rays are rendered 
convergent. 



E 



Fig. 109. 



Convergent rays become 
etill more so, Fig. 16S, and 
divergent less divergent. 



2. By H concave lens 
parallel rays are rendered 
divei^nt. Fig. 170 



Divergent rays be- 
come still more diver- 
gent, Fig. 171, and 
convergent rays leas 
convergent. 



All this is founded on the nature of refraction and 
the fignre of the lenses, the discussion of which 
would require a very long detail ; but the two nalea 
which 1 nave now laid down contain all that is 
essential. It is abundantly evident, then, that when 
the convex and the concave lenses are so combined 
that they acquire a common focus at F, they will 
distinctly represent distant objects, because the 

Eirallelism of the rays is restored by the concave 
OS alter the convex lens had rendered them con- 
Dd« 
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vergent. In other worde, tha njs of yotj distant 
objeclB, being neaily parallel to each other, become 
convergeni by a coavei lens ; and anerward, the 
concave lens destroys this convergency, and again 
renders the nys parallel to each otner. 
OA February, 1763. 



On the magnifying Pouer of Pociel-glaMttt. 

Thb principal article respecting telescopical in- 
struments remains still to be explained, namely, their 
effect in magnirying objects. I hope to place thia in 
so clear a light as to remove every difficulty in which 
the subject may be involved ; ana for this purpose I 
shall comprise what I have to say in the foUoiring 
propositions. 

1. Let E e, «>. 172, be the object, Fig. 172. 
situated on the axis of the instrument, 
which passes perpendicularly through both 
lenses in their centres. This object E « 
must be considered as at an infinite dis- 

3. If, then, the eye, placed at A, looks 
at this object, it will appear under the 
angle B A e, called its visual angle. It 
will, accordingly, be necessary to prove, 
that on looking at the same object through 
the glass it will appear under a greater i 
angle, and exactly as many times greater 
as the focal distance of the object-glass ^, 
PAP exceeds that of the eye-glass I / 
Q B Q. ' 

3. As the effect of all lenses consists V_ 
in representing the objects in another ■■ 
place, and with a certam magnitude, we 
nave only to examine the images which 5AV 
Sitall be succcsBivelf represented by Hta 
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two leiuei, the last of which is the immediate ob- 
ject of the Bight of the person who looks through 
the itiitniment. 

4. Now, the object E « being infinitely distant from 
the convex lens P A P, its image will be represented 
behind the lens at F/, so that A F shall be equal to 
the focal distance or the lens ; and the magnitude 
of this image F / is detrimined by the straight line 
f A e, drawn from the extremity of the object t, 
through the centre of the lens A, by which we see 
that this image is inverted, and as many times 
smaller than the object as the distance A P is smaller 
than the distance A E. 

5. Again, this image F/ holds the place of the 
object relatively to the eye-glass IJ B Q, as the rays 
which fall on this leas are precisely those which 
would almost form the iinag^F/, but are intercepted 
in their progress by the concave lens Q B Q ; so 
that this image is only imaginary; the effect, how- 
ever, is the same as if it were real. 

6. This image F f, which we are now consider- 
ing as an object being at the focal distance of the 
lens Q B Q, will be transported almost lo infinity 
by the refraction of thla lens. The preceding figure 
marks this new image at G g, whose diataiice A G 
must be conceived as infinite, and the rays, refracted 
B second time by the lens Q B Q, will pursue the 
same direction as if they actually proceeded from 
the image G g. 

7. This second image G g being, then, the object 
of the person who looks through the instninieiit, its 
magnitude falls to be considered. To tliis elfect, 
aa II is produced by the first image F / from the 



the lens B a strai^t line, which shall pass through 
the point / of ihe first image, and that line will 
mark at g the extremity of the second image. 

S, Let the spectator now apply his eye to B ; 
and as the rays which it receives [larsue the saow 
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direction as if they actually pirocecded from ilie 
image G ^, it wiH appear to him under the angle 
QBg, which is greater than the angle E A e, under 
whicn the object E e appears to the naked eye. 

9. In order the better to compare these two an- 
gles, it is evident, first, that the ansle E A is equal 
to the angle F A/, being vertical angles ; for the 
same reason^ the angle G B ^ is equal to the angle 
F B /, being vertical and opposite at the point B. 
It remains to be proved, therefore, that the angle 
F B / exceeds the angle F A / as many times as 
the Jme A F exceeds the line B /; the former of 
which, A F, is the focal distance of the object-glasa, 
and the other, B F, the focal distance of the eye- 
jglass. 

10. In order to demonstrate this, we must hkve 
recourse to certain geometrical propositions respect- 
ing the nature of sectors. You will recollect thai 
the sector is part of a circle contained between two 
radii C M and C N, Fig. 173, and jcy^. 173, 
an arch or portion of the circum- 
ference M N. In a sector, then, 
there are three things to be eon- 
sidered : 1. The radius of the circle, 
C M or C N ; 2. The quantity of 
the arch M N ; 3. The angle M C N. 

11. Let us now consider two sec- 
tors, M C N and men, whose radii 
C M and c m are equal to each other; 
now it is demonstrated in the ele- 
ments of geometry, that the anj^es 
C and 4: have the same proportion 
to each other that the arches M N 
and m n have : in other words, the 
angle C is as many times greater 
than the angle c, as the ar<jh M N is 
greater than the arch m n ; but, instead of this awk- 
ward mode of expression, we say that the anjrles C 
wid c are proportional to the arches M N and m n 
Ine rami being equal * 






19. Let ue likewise couBidcr tvo eeclon, H C N 
md m e n. Fig. 174, whose p^ ^^ 

anises C and e are equal to ^' 

each otber, but the radii un- 
equal : and it is demonstrated 
in geometry, that the arch M N R,^^ 
is as many timea greater than [^' 
the Brchmn,astheradiusCM " 
is greater than the radius cm; S 

or, iD geometrical language, 
the BTchea are in proportion to the radii, the angles 
being equal. The reason is obvious, for every arch 






m many degrees as its angh 
grees of a great circle exceed those of a small one 
aa many times as the greater radius exceeds the 
smaller. 

13. Finally, let ns consider likewise the cas 
when, as in the two sectors M C N sod m e t 
Fig. m, the arches M N and m n are jr^. 175. 
equal; but the radii C M and ' — ""- 

In this case, the angle C, which cor- 
responds to the greater radius C M, ii 
the smaller, and the angle c, which cor- 
responds to the smaller radiujS c m, is ■* 
the (preater ; and this in the aame pro- \^* 
portion as the radii. That is, the angle W^ 
« ia as many times greater than the " 
angle C as the radius C M is greater than the radina 
em; or, to speak geometrically, the angles are re- 
ciprocally proportional to the radii, the arches beuig 
equal. 

14. This last proposition carries me forward to 
my conclusion, after 1 have subjoined this remark, 
that when the angles are very small, as in the case 
of pocket-glasses, there is no aejisible difference in 
the chords of the arches M N and m n, that is, of 
the straight lines M N and m n. 

16. Having made this remark, we return to^.na 
(p. 318). The triangles F A / and F B / may be 
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considered as sectors, in which the arch F/ is tbe 
same in both. Consequently, Ihe angle F D / ei- 
ceeds the angle F A / as often as the distance A F 
exceeds the distance B F. That ia, the object E i 
wiU appear through the iuBtniment under an nngle 
aa many timea greater as the focal distance of the 
obJBot-glass A F exceeds the focal distance of the 
«e-glasa B F, which^vaa the thing to be demon- 

eiA Ftbruary, 1763. 



LETTER XCi. 
DrficU of Poeket'glauet. Of (A« apparent Fidd. 

YoQ must be sensible that no great advaatage is 
to be expected from such small instruments ; and it 
has already been remarked that they do not mag^ 
nify objects above ten times. Were the effect to b« 
carried further, not onlv would the length become 
too great lo admit of tneir being carried about in 
the pocket, but they would become aubject to other 
tuid more essential defects. This has induced art- 
ists entirely to ]ay aside glasses of this sort, whea 
auperior effect is required. 

The principal of these defects is the smallness 
of the apparent field ; and this leads me to explain 
•o important article relative to telescopes of eve^ 
descnption. When a telescope is directed towards 
the heavens, or to very distant objects on the earth, 
the space discovered appears in the ligiu'e of a cir- 
cle, and we see those objects only which are included 
in that space; so that if you wished lo examine 
othsr objects, the position of the instnmient must 
be altered. This circular space, presented to the 
^e of the spectator, is denominated the apparent 
jMd, or, in one word, iht field of the instrument ; 
Md it IB abvodantly obvious, that it must be a gnal 
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advantage to have s 

the contrary, a am all ^ „ 

nience in instruments of this sort. Let us auppoM 
two telescopes directed towards the moon, by the 
one of which we can discover only the half of that 
luminary, whereas bv tha other we see her whole 
body, together with the neighbouring stais ; the field 
of this last is therefore much greater than that of 
the other. Thnt which presents the greater fluid 
relieves ns, not only from the trouble of frequenUy 
changinff the position, but procures another very 
great advantage ; that of enabling ua to compare, 
by viewing them at the same time, several parts of 
the object one with another. 

It is therefore one of the greatest perfections of 
a telescope 'to present a very ample field ; and it is 
accordingly a matter of much importance to mea- 
sure the field of every instrument. In this view, 
we are regulated by the heavens, and we determine 
the circular space seen through a telescope, by 
measuring its diameter in degrees and muiutes. 
Thus, the apparent diameter of the full moon being 
about half adegree, if a telescope takes in the moon 
only, we say that the diameter of its field is half a 
degree ; and if you could see at once only ihe half 
of the moon, the diameter of the field would be tb« 
quarter of a degree. 

The measurement of angles, then, furnishes the 
means of measuring the apparent field ; besides, the 
thine is sufficienlly clear of itself. Supposing we 
could see through the instrument A B, Fig. 170, only 
the space POP, and jv. i7g, 

the objects which it » w ■ 

contains; this apace 
being a circle, its I ""---,.^ f - ~ ,j?^ 

diameter will be the "l _--",'^ bkL 

line POP, whose niid- 
i'e point O is in the 
uia of the iiulninieiit. 
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Dra^vbig, therefore, from the extremities P P 
the straiffht tines P C, P C, the angle P C P will 
express the diameter of the apparent field; and 
the half of this angle, O C P, is denominated the 
semi-diameter of the apparent field of such an in- 
strument. You will perfectly comprehend the 
moaning, then, when it is said that the diameter of 
the apparent field of such an instrument is one de^ 
gree, that of another two degrees, and so on; as 
also when it is marked by minutes, as 30 minutes, 
which make half a degree, or 15 minutes, which 
make the fburth part of a degree. 

But in order to form a right judgment of the value 
of a telescope, with respect to the apparent field, 
we must hkewise attend to the maffnij(^ing power 
of the instrument. It may be remarked in general, 
that the more a telescope magnifies, the smSler, of 
necessity, must be the apparent field ; these are the 
bounds which nature herself has prescribed. Let 
us suppose an instrument which should magnify 100 
times ; it is evident that the diameter of the field 
could not possibly be so much as two degrees ; for,. 
as this space would appear 100 times greater, it 
would resemble a space of two hundred degrees ; 
greater, of consequence, than the whole visible 
heavens, which, from the one extremity to the other, 
contain only 180 degrees, and of which we can see 
but the half at most at once, — that is, a circular space 
of 90 degrees in diameter. Prom this you see, that 
a telescope whicli magnifies 100 times could not 
contain a field of so much as one decree ; for this 
degree muHtplied 100 times would give more than 
90 degrees ;. and that, accordingly, a telescope which 
mHgnified 100 times would be excellent, if the diame- 
ter of its field were somewhat less than one degree ; 
and the very nature of the instrument admits nqi 
of a greater effect. 

But another telescope which should magnify only 
10 times would be extremely ddfbctlve, if it dis* 
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covered ft field of only one degree in diametei ; as 
this field magnified 10 timea would give a space of 
no more than 10 degrees in the heavens, tvhich 
would be a small matter, by setting too narrow 
bounds to our view. We should have good reason, 
then, to reject such an instrument altogether. Thus 
it would be very easy, with reapeet to the apparent 
field, to form a judgment or the excellence or de- 
fectiveness of instruments of this sort, when the 
effect ia taken into consideration. For when II 
magniflea only 10 times, it may fairly be conjectured 
that it discovers a field of 9 degrees ; as degrees 
taken 10 times give PO degrees, a space which our 
Bight is capable of embracing: and if the diameter 
of its field were only 6 degrees or less, this would 
be an instrument very defective indeed. Now, I 
shall be able to demonstrate, that If a telescopo 
were to be constructed such as I have been de- 
scribing, which should magnify more than 10 limes, 
it would be liable to this defect : the apparent field 
multiplied by the magnifying power would be very 
considerably under UO degrees, and would not even 
show the half. But when a small effect ia aim«d 
at, this defect is not so sensible ; for if Bi:ch an in- 
sirument magnifies only G times, the diameter of its 
field is about 4 degrees, which magnified b times 
contains a space of 20 degrees, with which we- hare 
reason to be satisfied : but if we wished to magnify 
85 times, the diameter of the field would be only 
half a degree, which taken 96 timea would (ri»e 
little more than 13 degrees, which is too tittle. 
When, therefore, we would magnify very much, a 
different arrangement of lenses must be employedi 
which 1 shall afterward explain. 
l3lA Febniary, 176S. 
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LETTER XCn. 



To ascertain the apparent field being of Tery 
j;reat importancs in the construction of tolescopes, 
1 proceed to the applicatioii of it to the small 
glaeses which I have oeen describing. 

The lene PAP, Fig. 17B (p. 318),i8 the object-glaM, 
Q 9 Q the eye-glass, and the straight line E P tbe axu 
of the instrument, in which is seen, at a very grettt 
distance, through the iDstrument, tlie object E e, 
under the angle E A e, whicb represents the semi- 
diameter of the apparent field, for it extends aa 
far on the other side downwards. The point E, 
then, is the centre of the space seen thnugh the 
instrument, the radius of wnich, E A, as it passes 
perpendicularly through both lenses, undergoes no 
refraction; and in order that this ray may have 
admission into the eye, the eye must be fixed some- 
where on the axis of the instrument B P, behind 
ihe eye-glass, so that the centre of the pupil shaU 
be in the line B F ; and this ia a general rule for 
every species of telescope. Let ns now consider 
the visible extremity of the object e, whose rayt 
exactly 611 the whole opening of the object-glass 
PAP; but it will be sufficient to attend only to the 
ray E A, which passes through the centre of the 
object-ghiBS A, as the others surround, and little 
mure than strengthen this ray : so thnt if it is ad- 
mitted into the eye, the others, or at least a con- 
siderable part of them, find admission likewiae ; and 
if this ray is not admitted into the eye, though per- 
haps some of the others may enter, they are too 
feeble to excite an impression sufficiently powerfkiL 
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Hence Otis may be laid down as a rale, that the ex- 
tfemtty t of the object ia aeen only ao far aa the ray 
t A, after having passed through the two lenses, is 
admitted into the eye. 

We mast therefore carefully examine the direc- 
tion of this ray t A. Now, as it passes through the 
ceDtre of the object-glass A, it undergoes no refrac- 
tiun; coDformably to the rule laid down from the 
beginning, that rays passing through the centre of 
any lens whatever are not diverted from their direc- 
tion, that is, undergo no refraction. This ray, e A, 
therefore, after having passed through the object- 
glass, would continue in the same direction, to meet 
the other rays issuing from the same point «, to the 
point/of the image represented by the object-^lasa 
at Y f, the point / being the image of the pomt t 
of tlM object ; but the ray meeting at m, the concave 
lens, but not in its centre, will be diverted rrom that 
direction ; and instead of terminating in /, will as- 
anme the direction m n, more divergent from B F, it 
being the natural effect of concave lenses to render 
rays alwa;^ more divergent. Jn order to ascertain 
lliu new direction m n, you will please to recollect 
that the object-glass represents the object E e in an 
inverted position at F/, so that A F is equal to the 
focal distance of this lens, which transports the ob- 
ject E e to F/. Theii this image F/ occupies the 
place of the object with respect to the eye-glass 
Q B Q, which, in its turn, transports that image to 
G g, whose distance B G must be as great as that 
of the object itself: and for this effect, it is neces- 
sary to place the eye-glasa in such a manner that 
the interval B F shall t« equal to its focal distance. 

As to the magnitude of these images, the first F/ 
is determined by the straight line « A/, drawn from 
« through the centre A of the first lens ; and Iha 
otherGgby the straight line/Bf, drawn from the 
point / Utron^ the centre B of the second lens. 
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Thia being laid down, the ray A m directed towsrig 
the point / is refracted, uid proceeds in the direc- 
tion m n; and this lias m n, being produced back- 
warda, will pass through the point g, for m n has the 
■ame effect in the eve aa if it actually proceeded 
At>ni the point g. Now, as thia tine rn n retires far- 
ther and nrther from ihe axis B F, where the centre 
of the pupil is, it cannot enter into the eye, unless 
the npeiiing of the pupil extenda ao far; and if the 
opening of the pupil were reduced to nothing, 
the ray m n would be excluded from the eye, and 
the point e of the object could not be visible, nor 
oven any other point of (he object out of the axis 
A F. There would, therefore, he no apparent field, 
and nothing would bo seen through such a.n instru- 
ment except the single point E of the object, which 
is in its axis. It is evident, then, that a telescope 
of this sort discovers no field but aa f ar as the pupil 
expands ; so that in proportion as the expansion of 
the pupil is greater or less, ao likewise the appa- 
rent Held is great or small. In this case the point e 
will therefore be still visihle to (he eye if the small 
interval B m does not exceed half the diameter of 
the eye, that the raym n may find admission into it; 
but in this case, likewise, the eye must bo brougiit 
as close as possible to the eye-glaas ; for as the ray 
ffl n removes from the axis F B, it would escape the 
{wpil at a greater distance. 

Now it is easy to determine the apparent field 
which such an instrument would discover 'Ou the 
eye-glass : you have only to take the interval B n 
equal to the'semi-diameter of Ihe pupil, and to draw 
through that point ni, and the centre of the object- 
glass A, the straight line m A.e: then thia line will 
mark on the object Ihe extremity ?, which will be 
Still visible throuffh the instrument, and the angle 
E A e will give ttie semi-diameter of the apparent 
field. Hence you will easily judge, that whenevw 
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die distance of the lenses A B exceeds some inches, 
the an^le B A m must become extremely small, as 
tiie line or the distance B m is but about the twen- 
tieth part of an inch. Now if it were intended to 
magnify very much, the distance of the lenses must 
become considerable, and the consequence would 
be that the apparent field must become .extremely 
amaU. The structure of the human eye, then, sets 
bounds to telescopes of this description, and obliges 
■s to have recourse to others of a different construc- 
tion wheneverwe want to produce very considerable 
effects. 

leM Frbrumy, ITQS. 

LETTER XCIII. 
AMlmumieal TeUtcapet, and their magnifying Foutr. 

I PBOCKID to the second species of telescopes, 
called astronomical, and remark, that they consist 
of only two lenses, like those of the first species ; 
wtththisdiBerence, that iathe construction of astro- 
nomical telescopes, instead of a concave eye-^ass, 
we employ a convex one. 

The object-glass PAP, Fig. t77, is, as in the other 
Fig. 177. 



■pecies, convex, whose focus bein^ at F, we place^ 
on the same utis a smaller convex lens Q Q, in such 
a manner that its focus shall likewise fall on the 
aame point F. Then placing the eye at 0, so that 
the distance B shall be neatly equal to the Ibcal 
EeS 
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diatance of the eye-slass Q Q, jou will see objects 
diMincDy, and ma^ifled as many times aa the focal 
distance of the object-glasa A F ahall exceed that of 
the eye-glass B F : but it is to be remarlced thst 
every object will tippear in an inverted position ; so 
that if the instnlmeiit mre to be pointed towards a 
house, the toof would appear undermost, tind the 
groood-floor uppermost. As this circumatance 
would b« awkward in viewinf; terretirial objects, 
which we never see in an inverted situation, the 
use of this species of telescopes is confined to the 
heavenly bodies, it being a matter of indifference in 
what direction they appear ; it is aufficient to the 
astronomer tohngw that what he sees uppermost is 
really undermost, and reciprocally. Nothing, how- 
ever, forbids the application of such telescopes to ter- 
restrial objects ; the eye soon becomes accustomed 
to the invwted position, provided the object is aeea 
distinctly, and very much magnified. 

Having given this description, three things fall to 
be demonstrated : hrst, that by this arrangement of 
the lenses objects must appear distinctly ; secondly, 
that they must appear magnified as many times as 
the local distance of the object-glass exceeds that 
of the eye-glass, and in an inverted position; and 
thirdly, that the eye must not be applied close U> the 
eye-glass, as in the first species, but must be removed 
lo nearly the focal distance of the ocular. 

1. As to the first, it is demonstrated In the same 
inannei as in the precedina; case : the rays e P, e p, 
which are parallel before they enter into the object- 
glass, meet by refraction in tne focus of this lens at 
.F; the eve-glass must, of course, restore the parai--- 
lellsm 01 these rays, and distinct vision requires 
that the rays proceeding from every point should 
be nearly parallel to each other when they enter the 

Pe. Now, the eye-glaas, having its focus at P, is 
aced in such a manner as to render the rays P M, 
M, by the refraction, parallel, and conaequeot^ 



^ 
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the eye will receive the raya N 0, N o, pantllel to 
each other. 

3. With reapecttotlie second article, let us consider 
the object at E «, Ftg. 178, but so that „ , „ 
the distance E A shall be almost iu- J^' ''" .^ 
finite. The Image of this object, '\ 
represented by the object-gksB, will 
therefore be t'/, situated at the fo- 
cal distance of that lena A F, and 
determined by the straight line; A/, 
drawn through the centre of the 
leus. This image F/, which is in- 
verted, occupies Ihe place. of Ijie 
object with respect to the eye-glass, 
and beine in its focus, the second 
image will be again removed to an 
infinite distance hv the refraction 
of this lens, and will fall, for exam- 
ple, at G g, the distance A G heins 
considered as inlinKe, tike that of 
A E. Now, Id order to determine the magnitude of 
this image, you have only to draw Ihrougfa the centre 
B of the lens, and Ihe extremityyof the first image, 
the straight line B/^. Now this second image G^ 
being the immediate object of vision to.'the person 
who looks throTigh the telescope, it is evident at 
once that this representation is inverted, and, as it 
ia infinitely distant, tvill appear under an augle 
G B ff-. But the object itseJf E e will appear to the 
naked eye under the an^le E A « : now you are sen- 
Bible, without being reminded, that it is indifferent 
to take the points A and B, in order to have the 
visual angles E A e and G B ;, on account of the 
infinite distance of the object. You now see here, 
as in the preceding case, that the triangles FA/and 
F B/ may be considered as circular sectors, the line 
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then, the Tadii or thege two sectors sre the Unea A E 
and B P, the arches being equal to each other, it 
folloirs, aa was formerly demonstrated, that the 
anries F A/ (or, which is the same Ihiw, E A «) 
and FB/<or, which is the same tiling, G B^) have 
the flame pr^Mrtion to each other that the radii 
B P and A P have. Therefore, the angle G B ;, 
under which the object is seen through the telescope, 
_ aa many times exceeds the angle E A e, under which 
' the object is seen by the nak^ eye, as the line A F 
exceeds the line B F ; which was the second point 
to be demonstrated. I am under the necessity of 
deferring the demonstration of my third [vopoaitioD 
till next post. 

90lA Ftiruan,, 17eS. 



LETTER XCIV. 
OffAc appartnl Fitld, and the Place of the Eyt. 

In (blfilling my engagement xespecting the third 
particular proposed, namely, to determine the place 
of the ejre behind the telescope,,! remark that this 
subject IS most intimately connected with the appa- 
rent field, and that it is precisely the field which 
obliges us to keep the eve fixed at the proper dis- 
tance ; for if it were to be brought closer, or removed 
forther off, we should no longer diecOTer so lai»e a 
field. 

The extent of the field being an article of such 
importance, indeed so essential, in all telescopes, it 
, must be of eoual importance to determine exactlr 
the place of the eye from which the lar^st field ia 
discoverable. If the eye were to be apphed close to 
the eye-^ass, we should have nearly the same field 
aa we have with the pocket-glaar --'■-'- ■- 
insuObrably small whenever the i 
is considerable. It is therefore a 
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estrODoniical telegcopes, that by withdrawing the 
eye from the eye-glaM the apparent field increaaos 
to a certain extent ; and it is precisely this which 
renders such telescopes susceptible of prodigious 
magnifying powcra, whereas those of the Grat species 
are in this respect extremely limited. You know 
that with the astronomica] telescope, the magnifying 
power has been carried beyond two hundred times, 
whii^h giveB them an inconceivable superiority over 
those of the first species, which can scarcely magnify 
ten times ; and the Irifling inconvenience of Ute in- 
verted position is infinitely overbalaitced by an ad* 
vantage so very great. 

I will endeavour to put this important article in 
the clearest light possible. 

1. The object E e, f^g-. 179,beingin. Fig. 17S 
finitely dislam, let e be its extremity, i 
Btill visible through the telescope, whose 
lenses are P A P and Q B Q, fitted on 
the common axis E A B ; it falls Xo 
be attentively considered what direc- 
tion will be pursued by the single ray 
which passes from the extremity « 
of the object, through the centre A 
ofihe object-glass. You will recollect 
that the other rays, which fall from the 
point e on the object-glass, only accom- 
pany and strengthen the ray in question 
e A, which is the principal with respect 
to vision. 

3. Now this ray e A, passing through the centre 
of the lens P P, will undergo no refraction, but will 
pursue its direction in the straight line A /m, and 
passing through the extremity of the image F /, 
will fall on the eye-glass at the point m ; and here 
it is to be observed, that if the size of the eye-glass 
had not extended so far as the point m, this ray 
would never have reached the eye, and the point a 
would have been iuvieible. That is to say, it would 
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be necessary to take the extremity € nearer to the 
aziB, in order that the ray A/m may meet the eye- 
glass. 

3. Now this ray A m will be refracted by the eye- 
riass in a way which it is very easy to discover. 
We haye only to consider the second image G g\ 
though infinitely distant, it is sufficient to know thai 
the straight line B/ produced will pass through the 
extremity g of the second image G g^ which is the 
immediate object of vision. Having; remarked this, 
Uie refracted ray must assume the direction n O, and 
this produced passes through g, 

4. As, therefore, the two lines n and B/meet 
at an infinite distance at g^ they may be considered 
as parallel to each other ; and nence we acquire an 
easier method to determine the position of the re- 
fracted ray n : you have only to draw it parallel 
to the line B/. 

5. Hence it is clearly evident that the ray n O will 
somewhere meet the axis of the telescope at O, and 
as usually, when the magnifying power is great, the 
point F is much nearer to the lens Q Q than to the 
lens P P, the distance B m will be somewhat greater 
than the image F /*; and as the line n is parallel 
to/B, the line, B will be nearly equal to B F, that 
is, to the focal distance of the eye-glass. 

6. If, then, the eye is placed at 0, it wiU receive, 
not only the rays which proceed from the middle of 
the object E, but those likewise which proceed from 
the extremity e, and consequently those also which 
proceed from every point of the object; the eye 
would even receive at once the rays B and n O, 
even supposing the pupil infinitely contracted. In 
this case, therefore, the apparent field does not de- 
pend on the largeness of the aperture of the pupil, 
provided the eye be placed at ; but the moment it 
recedes from this pomt, it must lose considerably in 
the apparent field. 

7. If the point m were not in the extremity of the 
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«ye-glaM, it would transmit rays still more remote 
from the axis, and the telescope would, of course, 
discover a larger field. In order, then, to determine 
the real apparent Reld which the telescope is capable 
of discovering, let there be drawn, from the centre 
A of the object-glasa, to the extremity m of the 
eye-glass, the slraiaht line A m, which, produced to 
the object, will mHrk M e the visible extremity ; and 
consequently the angle E A «, or, which ia the same 
thing, the angle B A m, will give the semi-diameter 
of the apparent field, which is consequently neater 
in proportion aa the extent of the eye-glasa is 

8. As, then, in the Rnl BpecJes or telescopes, the 
apparent field depended entirely on the aperture of ' 
the pupil, and as in this case it depends entirely on 
the aperture of the eye-glass, there ia an essential 
difference between these two species of inHtmments, 
greutly in favour of the latter. The figure which I 
nave employed in demonstrating this last article re- 
specting the place of the eye and the apparent field, 
may greatly assist us in the elucidation of the pre- 
GwUng articles. 

If you will be so good as to reflect, that the object- 
glass transports the object E eta ¥/, and that the 
eye-glass tranaports it from F jf to G ^ , this image 
Gf, being very distant from the immediate object of 
vision, ought to be seen distinctly, as a good eye re- 
quires a great distance in order to see thus. This 
was the nrat article. 

As to the second, it is evident at first sigbt, that 
as instead of the real image E e, we see through the 
telescope the image Gj', it must be inverted, Fmally, 
this image is seen by the eye placed at under the 
angle G O ;, or B n, whereas the object itself E * 
appears to Ihe naked eye under the angle E A e : the 
telescope, thererore, magnifies as many times as the 
angle B n is ^eater than the >male E A e. Now, 
aa Uie line » is parallel to Bf, the angle B n la 
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equal to the angle F B/ and the angle E A e is eqaal 
to its opposite and vertical an^le FA/; hence the 
magnifying power must be estimated from the pro* 
portion between the angles F B/ and FAf; accord- 
ingly, as the angle F B/ contains the angle F ^f^s 
often as the line A F, that is, the focal distance of the 
object-glass, contains the line B F, that is, the focal 
distance of the eye-glass, the magnifying power will 
be therefore expressed by the projpiortion of these 
two distances. This is proof sufficient that the ele- 
ments of geometry may be successfully einployed 
in researches of quite a different nature — a redectioa 
not unpleasing to the mathematician. 
23rf February, 1762. 



LETTER XCV. 

Determination of the magnifying Power of Astronomy 
col Telescopes, and the (Construction of a Telescope 
which shall magnify Objects a given Nwnber of T\mes. 

You now have it clearly ascertained, not only how 
many times a proposed instrument will magnify, 
but what is the mode of constructing a telescope 
which shall magnify as many times as may be 
wished. In the Srst case, you have only to measure 
the focal distance of both lenses, the object-glass as 
well as the eye-glass, in order to discover how much 
the one exceeds the other. This is performed by 
division, and the quotient indicates the magnifying 
power. 

Having, then, a telescope, the focal distance of 
whose object-glass is two feet, and that of the eye- 
glass one inch, it is only necessary to inquire how 
often one inch is contained in two feet. Every one 
know8 that a foot contnins twelve inches; two feet 
accordingly contain twenty-four inches, which are to 
be divided by one. But whatever number we divklo 
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l^ one the quotient is always equal to the dividend ; 
if, then, it is asked, how often one inch is contained 
in twenty-rourinchea, the answer, without hesitation, 
is, twenty-four times ; consequently, such a tele- 
scope megnilies twcmty-four times, that is, represents 
distant objects in the same manner as if they were 
twenty-four limes greater than they really are ; in 
other words, you would see them through such a 
telescope under an angle twenty-four times greater 
than by the naked eye. 

Let us suppose another astronomical telescope, 
the focal distance of whose object-glass is thirty-two 
feet, and thai of the eye-glass three inches. -Yon 
Bee at once that these two lenses must be placed at 
the distance of thirty-two feet and three inches rrom 
each other ; for, in all astronomical telescopes, the 
distance of the lenses must be equal to the sum of 
the two focal distances, as has been already demon* 

To find, then, how many times a telescope of the 
above description magnifies, we must divine thijly- 
two feet by three inches ; and, in order to this, re- 
duce these thirty-two feet into inches, by multiplying 
them by twelve ; 

33 this produces 384 inches ; and these again 

13 divided by three, the focal distance, in inches, 

3)384 ot 'he eye-glass, gives a quotient of 138, 

■joQ which indicates that the proposed telescope 
magnifies 128 times, which must be aJlowed 
to be very considerable. 

Reciprocally, therefore, in order to construct a 
telescope which shall magnify a given number of 
times, say 100, we must employ two convex lenaes, 
the focal distance of the one of which shall be 100 
times greater than that of the other : in this case the 
one will give the object-glass, and the other the eye- 
glass. These must afterward be fitted on the same 
axis, so that their distance shaH be equal to the sum 
oftlie two focal distances 1 that is, they must be fixed 

V..L. U.— Ff 
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in a tube of this length, and then the eye being placed 
behind the eye-glaw, at its focal distanes, will see 
objects magnified 100 times. 

This arrangement may be varied without end, by 
uauming an eye-gtaa« at pleasure, and adapting to 
it an object-glass whose f«cal distance shall ba 100 
times greater. Tlius, taking an eye-glass or one 
inch focus, the object-class must be of 100 inches 
focus, and the distance of the lenses 101 inches. Or, 
taking an eye-glaas of :t inches focus, the object- 
plass must nave its focus at the distance of 900 
inches, and the distance of the lenses will be fio) 
inches. If you were to take an eye-glass of 3 inches 
focus, the focal distance of the object-glass must be 
300 inches, and the distance of the lenses from each 
other 303 inches. And if you i^re to take an eye- 
glass of 4 inches focus, the object-glass must have 
a focal distance of 400 inches, and the distance of 
the two lenses 404 inches, and flo on, the instrument 
always increasing in length. If, on the contrary, 
you were to assume an eye-glass of only half an 
inch focus, the object-glass must have a focal dis- 
tance of 100 half-inches, that is, of 50 inches, and 
the distance between the lenses would only be SO 
inches and a half, which is little more than four feet. 
And if an eye-glass of a quarter of an inch focus 
were to be employed, the object-glass would requite 
a focal distance of only 100 quarters of an inch, or 
96 inches, and the distance between the two lenses 
39 inches and a quarter, that is little more than two 
feet. 

Here, then, are several methods of producing the 
same effect, that of magnifying 100 times ; and if 
every thing else were equal, we should not heaitate 
about giving the preference to the last, as bein^ the 
shortest : for here the telescope, being reduced to 
little nio^ than two feel, would be more manageable 
than one much longer. . 

No onC) then, woidd hesitate about prefemn^ tb» 
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shorteit telescopes, pTO*ided all other circumstaucM 
were the same, and all the difierent Bpeciee rep«- 
aented objects inthe same degree of perfection. But 
though they all poaaeas the same magnifving power, 
the representation ia by no means equally clear and 
distinct. That of two fact in length certainly mw- 
Difles 100 times, as well aa the others ; bttt on looK- 
ing throush such a telescope, objects will appear not 
only darK, but blunt and confused, which ia nn- 
doi&tecUy a rery great defect. The Inst telescope 
but one, whose object-glass is 60 inches focus, is leas 
subject to these defects: but the dimness and con- 
fusion are still insupportable ; and these defects 
diminish in proportion as we employ greater object- 
glasses, and are reduced to almost nothing on em- 



•urenients, the represent atian becomes still clearer 
and more distinct ; ^ that in this respect long tele- 
scopes are preferable to short, thou^ otherwise less 
commodious. This circumstance imposes on me a 
new taak, that of further explaining two very essen- 
tial articles in the theory or telescopes : the one re- 
elects the clearness, or degree of light in which ob- 
jects are seen ; and the other the distinctness and 
accuracy of expression with which they are re[n«- 
eented. Without these two quslitiea, all magnifying 
power, however great, procures no adraatage for the 
contem^tion olobjects. 

Vtih February, 1769. 



LETTER XCVI. 

Degree of CUamttt. 

Ih order to form a judgment of the degree of clear- 
ness in which objects are represented by the tele- 
scope, I shell recui to the aamftprmciples which I eiw 
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dearoured to elucidate in treating the same subject 
with reference to the microscope. 

And, first, it must be considered, that in this re- 
search it is not proposed to determine the dearee 
of hght resident in objects themselves, and which 
may oe very different, not only in different bodies, 
as being in their nature more or less luminous, but 
in the same body, according as circumstances Taiy. 
The same bodies, when illuminated by the sun, hare 
undoubtedly more light than when the skv is over- 
cast, and in the night their light is wholly extin- 
guished ; but different bodies illuminated may dtfler 
greatly in point of brightness, according as their 
colours are more or less lively. We are not inquir- 
ing, then, into that light or brightness which resides 
in objects themselves ; but, be it strong or faint, we 
say that a telescope represents the object iii perfect 
clearness, when it is seen through the instrument as 
clearly as by the naked eye ;' sO that if the object be 
dim, we are not to expect that the telescope should 
represent it as clear. 

Accordingly, in respect of clearness, a telescope 
is perfect when it represents the qbject as clearly 
as it appears to the naked eve. This takes place, as 
in the microscope, when the whole opening of the 
pupil is filled with the rays which proceed from 
every point of the object, after being transmitted 
through the telescope. If a telescope furnishes 
rays sufficient to fill the whole opening of the pupil, 
no greater degree of clearness need be desired ; and 
supposing it could supply rays in greater profusion, 
this would be entirely useless, as Uie same quantity 
precisely, and no more, could find admission into 
the eye. 

Here, then, attention must be paid chiefiy to the 
aperture of the pupil, which, being variable, prevents 
our laying down a fixed rule, unless we regulate our- 
selves according to a certain given aperture, whidi 
is sufBcient, when thepupil, in a state of the greatest 
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contraction^ is filled with nyi ; and for this pnrpoH 
the diameter of the pupil is usunlly supposed to b« 
one line, twelve of which make an inch ; ne some* 
timea sntiafy ourselves with even the half or this, 
^owiDg to the diameter of the pupil only half aline, 
and in some cases still less. 



even thai of the moon is hy no means inconsidcruble, 
you will be sensible that a small diminution in point 
of clearness can be of no ^eat consequence in the 
contemplation of objects. Having premised this, M 
that remains is to examine the rays which the tele- 
scope transmits into the eye, and to compare them 
witn the pupil ; and it will be sufficient to consider 
the rays which proceed from a single point of the 
otqect, that, for example, which is in the axis of the 
telescope. 

1. The object being infinitely distant, the raya 
which ftjl from it on the surface of the object-glass 
PAP, Fig. 180, are parallel to each other ; all the 

Fig. 180. 



raya, then, which come from the centre of the oh- 
ject will be contained within the lines L P, L P, 
parallel to the axia E A. All these rays taken to- 
gether are denominated the ptneil ot rays which fall 
on the object-glaaa, and the breadth of this pencil is 
equal to the extent or aperture of the object-glass, 
the diameter of which is P A P. 

9. This pencil of raya is changed by the refrac- 
tion of the object-glaaa into a conical or pointed 
figure P F P, and naving crossed at the focna F, it 

pra 
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m m is as muiy times smaller than the breadth of 
th« pencil P P, as the distance F B ii ehorter than 
the distance A F. 
3. Now these r 
the eye-glass Q B .. „ . 

other, and form the pencil of rays n o,no, irhich 
enter into the eye, and there depict the image of 
* ~ of the object whence they originally pn>- 



le point 
eeded. 



4. The question, then, resolves itaeir into the 
breadth of this pencil of rays no, no, which enter 
into the eye ; for if this breadth n n or a o is equal 
to or greater than the opeiiing of the pupil, it will 
he lilled with them, and the eye will enjoy all nos- 
ublc clearness ; that is, the object will seem aa clear 
as it you were to look at it with the unassisted eye. 

6. But if this pencil nn, o o were of much less 
breadth than the diameter of the pupil, it is evident 
that the representation musl become so much more 
obscure ; which would be a great defect in the tele- 
scope. In order to remedy it, the pencil must there- 
fore be at least half a line in breadth ; and it would 
be stiU better to have it a whole line in breadth, this 
being the usual aperture of the pupil. 

6. It is evident that the breadth of this second 
pencil has a certain relation to that of the first, ^vhich 
it is very easy to determine. You have only to 
settle bow many times thedistancemi ormm is less 
than the distance P P, which is the aperture of the 
object-^lasa. But the distance P P is in the same 
proportion to the distance m m, as the distance A F 
to tne distance B F, on which the magnifying power 
dependa; accordingly, the magnifying pojver itself 
discovers bow many times the pencd L P, L P is 
broader than tbfl pencil no, no, which ent«ra into 
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7. Since, (hen, the breadth n n or o o must be one 
line, at least half a line, the aperture of the object- 
glass P P must at least contain as many half-lines 
aa the ma^fying power indicates ; thus, when the 
telescope is to tiiaanify 100 times, the aperture of ita 
object-glass must nave a diameter of 100 half-lines, 
or 60 lines, which make 4 inches and 2 lines. 

8. Vou see, then, that in order to avoid obscuritv, 
the aperture of the object-glass must he greater m 
proportion ^as the magnifying power is greater. 
Ana, conset]uenlly, if the object-glass employed is 
not susceptible of such an aperture, the telescope 
-will be defective in respect of clearness of repre- 
aentation. 

Hence it is abundantly evident, that in order to 
dasgnify very greatly it is impossible to employ small 
object-glasses, whose focal distance is too short, as 
^ lens formed by the arches of small circles cannot 
lave a great aperture. 

Ut March, 1762. 



LETTER XCVII. 
AperUiTt of ObjtcUgiauet. 

Yoo have now seen that the magnifying pow«r 
determines the siie or eilent of the object-glass, 
in order that objects may appear with a sufficient 
degree of clearness. This determination respects 
omy the size or aperture of the object-gtass ; now- 
ever, the focal distance is affected by it likewise, for 
the larger the lens is the greater must be ita focal 
diatance. 

The reason of this is evident, as in order to form a 
lens whose focal distance is, for example, two inches, 
its two sarfacesmustbearchesof a circle whose ra- 
.diot is likewise about two inche*. I have therefore 
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the HTcheB of which are described with a Fig. 181. 
ndius or two inches. The lens P, being 
the thicker, is much greater than the lens 
Q ; but I shall demonatraM afterward that 
thick lenses are subject to other incon- p| 
veniences, and these so great as to oblige 
us to lay them altof^tlier aside. The lens 
(J, then, will be found more adapted for 
use, being composed of smaller arches of 
the same circle ; and as its focal distance is two 
inches, its extent or aperture m n may scarcely tx- 
ceed one inch. Hence this may be laid down as a 
general rule, that the focal diat^ce of a lens moat 
always be twice greater than the diameter of its 
aperture m n ; that is, the apertore of a lens mtist 
of necessity be smaller than half the focal distance. 

Having remarked, then, that in order to magnify 
100 times, the aperture of the object-glaas must 
exceed 4 inches, it follows that the focal distance 
must exceed 8 inches; I shall presently demonatntA 
thai the double is not sufficient, and that the focal 
distance of this lens must be increased beyond 300 
inches. The distinctness of the expression of the 
image requires this great increase, as shall ailerwvd 
bu shown : 1 satisfy niyselC with remarking, at pres- 
ent, that with regard to the geometrical figure of the 
lens, the aperture cannot be greater than half iia 
facal distance. 

Here, therefore, I shall go somewhat more into 
the detail respecting- the aperture of the object-glaaa, 
which every magnifying power requires ; and I ro- 
inark, first, that though a sufBcient degree of clear- 
ness requires an aperture of four inches, when the 
telescope la to magnify 100 limes, we satiary out- 
selves, m astronomical instruments, with one of three 
inches, the diminution of clearness being scarcely 
peroeptiUe. Heuce artists have laid it down as ■ 
rule, that in order to maynifv 100 times, the qieitan 
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ol the object-glaM must be three inches ; and for 
other ma^ifyin^ powers in that proportion. Thus, 
in order to magnify 50 times, it ia sufficient that the 
.aperture of the object-glaas t>e an inch and a half; 
V) magnify S6 times, three-quarters of an inch suf- 
fice, and BO of other powers. 

Hence we see that for small magnifjring powen a 
Te^ small aperture of the object-glass is sufficient, 
and that, consequently, a moderate focal distance 
may answer. But if you wished to magnify 300 
times, the aperture of the object-^lass most be aix 
inches, or half a foot, which requires a very large 
lens, whose focal distance must exceed even 100 feet, 
in order to obtain a distinct and exact expression. 
For this reason, great magnifying powers require 
very long telescopes, at least according to the usual 
srrangementof lenses which I have explained. But 
foi some time past artists have been successfully 
■employing themselves in diminishing this excessive 
length. "The aperture of the object-glass, however, 
must follow the rule laid down, aa cleartieas neces- 
sarily depends on it. 

Were you desirous, therefore, of constructing a 
telescope which should magnify 400 times, the aper- 
ture or the object-glass must be twelve inches, or a 
foot, let the focal distance be rendered as small as 
yoa will 1 and if you wished to magnify 4000 times, 
the aperture of the object-glass must be ten feet, — a 
very great size indeed, and too much so for any 
artist to execute ; and this is the principal reason 
why we can never hope to carry the magnifying 
power so far, unless some great prince woiud be at 
the expense of providing and executing lenses of 
such magnitude ; and, after all, perhaps they would 
not succeed. 

A telescope, however, which should magnify 4000 
times, would discover many wonderful things in the 
heavens. The moon would appear 4000 times larger 
than to the naked eye ; in other words, we should 
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see her as if she were 4000 times nearer to us than 
she is. Let us inquire, then, to what a degree we 
mi^ht be able to distinguish the different bodies 
which she may contain. The distance of the. moon 
from the earth is calculated to be 240,000 English 
miles, the 4000dth part of which is 60 miles : such a 
telescope would accordingly show us the moon as 
if she were only 60 miles distant ; and, consequently, 
we should be enabled to discover in her the same 
things which we distinguish in objects removed to 
the same distance. Now, from the top of a moun- 
tain we can easily discern other mountains more 
than 60 miles distant. There can be no doubt, then, 
that with such an instrument we should discover on 
tbe surface of the moon many thin^ to fill us with 
surprise. But in order to determine whether the 
moon is inhabited by creatures similar to those of 
the earth, a distance of 60 miles is still too great ; 
we must have, in order to this effect, a telescope 
which should magnify ten times more, that is 40,000 
times, and this would require an object-glass of 100 
feet aperture, an enterprise which human art will 
never be able to execute. But with such an instni- 
ment we should see the moon as if she weie no 
farther distant than from Berlin to Spandaa, and 
l^ood eyes might easily discern men at tnis distance, 
if any there were, but too indistinctly, it must be 
allowed, to be completely assured of the fact. 

As we must rest satisfied with wishing on this 
subject, mine should be to have at once a telescope 
which should magnify 100,000 times;* the moon 
would then appear as if she were only half a mile 
distant. 

The aperture of the object-glass of the telescope 
must be 250 feet, and we should see, at ieast, the 
larger animals which may be in the moon. 

eth March, 1763. 

* Dr. Hcraehel bat been able to apply a magniQIiif powiar of fSM 
lliiiee to iha Sxad atan.— jBd. 
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LETTER XCVIII, 

On DUtmctnesM in the Exprttsion : On the Space ofDif- 
fation occaiitmtd by ike Aperlure of Oijrct-giatlft, 



DisTincTHEis or expreesion is a quality of so much 
importance in the coDstniction of telescopeB, that it • 
■eema to take precedence of all the others which I 
have been endeavourin); to explain ; for it must be 
allowed that a telescope which does not represent 
distinctlythe images of objects must be very defect- 
ive. I must therefore unfold the reasons of this 
want of distinctness, that we may apply more buc- 
cesefully to the means of remedying it. 

They appear so much the more abstruse, that the 
principles hitherto laid down do not discover [he 
source : in fact, this defect is thus to be accounted 
foi^one of the principles on which 1 have hitherto 
proceeded is not strictly true, though not far from 
the truth. 

You will recollect that it has been laid down ns a 
principle, that a convex lens collects into one point 
of the image all the rays which come from one point 
of the object. Were this strictly true, imaites rep- 
resented by lenses would be as distinctly expressed 
as the object itself, and we should be under no ap- 
prehension of defect in regard to this. 

Here, then, lies the defectiveness of this principle ; 
lenses have the property now ascribed 10 them only 
around their centre ; the rays which pass through 
the extremities of a lena collect in a difTerenl point 
from those which pass towards the centre, though 
ai\ proceed from the «ame poiul of the object ; heuco 
are produced two different iroageg, which occasion 
iadistinctuesB. 
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In order to set this in the clearest light, let D 
consider the convex lens 
P P, Fig. 182, on the axis 
of which is placed the ob- 
ject E e, of which the point 

E, situated upon the axis, 
emits the rays E N, E M, 
E A, E M, E N, to the aur- 
fncs of the lens. To the 
direction of these rays, as 
changed by refraction, we 
must now pay attention. 

1. The ray E A, which 
passes through the centre 
A of the lens, undergoes no 
refraction, but proceeds for- 
ward in the same direction, 
on the atraJKht line A B F. 

2. The rays EM and EM, 
which are nearesi to the 

first, undergo a small refraction, by which thev will 
meet with the axis somewhere at F, which la th» 
place of the image F/, as has been explained 01801110 
of my preceding Letters on this subject. 

3. The raya E N and E N, which are more T«niot0 
from the axis E A, and which pass towards the eZ' 
tremities N N of the lens, undergo a refraction some- 
what different, which collects them, not at the point 

F, but at another point G, nearer the lens : and these 
nys represent another image G g, different from the 
first F/. 

4. Let us now carefully attend 10 this particular 
circumstance, not hitherto remarked ; it is this, that 
the rays passing throuich the lens, towards it« ex- 
tremities, represent another image G g, than what ia 
represented by those pasNing near the centre M A H- 

5. If the raya B N, E N, were to retire still farther 
from the centre A, and lo pnss through the points 
P P, of the lens, their point of reunion would be stfll 
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nearer to the lens, and would forni a new imago, 
nearer than even G g, 

6. Hence you wiU ensily perceive, that the first 
image F/, which is named Ihe principal itnage, is 
formed only by the rays which are almost iniinitely 
near the centre ; and that according as the rays re- 
tire from it, towards the extremities of the lens, a 
pBrticutar imag^ is formed nearer the lena, till those 
passing close to the eilrcmities form the last, G g. 
■ 7 All the rays, Iherefore, which pass through the 
lena P P represent an infinity of images disposed 
between F/ and G^; and at every distance from 
the axis the refracliun of the lens produces a par- 
ticular image, so that the whole space between F and 
G is filled with a series of images, 

8. This series of images is accordingly denomi- 
nated the diffusion of the image : and when all these 
rays afterward enter into an eye, it is natural that 
the vision should be so much dJsIurhed as the space 
P G, through which the image is difTused, is more 
considerable. If this apace F G could be reduced to 
nothing, no confusion need be apprehended. 

0. The greater portions of Iheir respective ciicles 
that the arches PAP and P I) P are, the greater 
likewise Is F G the space of difTogioo. You see a 
good reason, then, for rejecting all leases of too 
great thickness, or in which th< arches which form 
ihe surfaces of the lens are considerable segments 
of their circles, as in Fis. 183, of which 
Ihe arches P A P and P B P are the fourih Fig. 183. 
part of the whole circumference, so that 
SBCh cantsins 00° ; this woald, conse- 
quentlyproduce an insufferable confusion. 

10. l\te arches, then, which form the 
surfaces of a lens, must contain much 
less than 90 degrees : if they contained 
so much as 60, trie diffusion of the image 
would be even then insupportable. Au- 
thors who have treated the subject admit 

Vsi,. II.— G g 



A^^Hn 





900 OK. pisT iwo T we ss m tbs sxpREsnoH. 

of 30 degftees at most : and some fix the -p. ^^ 
boundary at 20 degrees. A lens of this last ^' 
description is represented by Fig. 184, in 
which the arches PAP and P B P contain 
only SO degrees, each being but the eigh- 
teenth part of the whole circumference of 
its res^ctive circle. 

II. but if this lens were to supply the 
place of the object-glass in a telescope, the 
arches PAP and P B P must contain still many 
degrees less. For though the diffusion of the image 
be perceptible of itself, the magnifying power mat- 
tiplies it as many times as it does the object. There- 
fore, the greater the magnifying power proposedf 
the fewer itiust be the number of degrees whicb 
the surfaces of the lens contain. 

12. 'When the telescope is intended to magniiy 
100 times, you will recollect that the aperture of 
the object-^lass must be 3 inches, and its focal dis^ 
tance 360 mches, which is equal to the radii witn 
which the two arches PAP and P B P are described \ 
hence it follows that each of these two arches con- 
tains but half a degree ; and it is distinctness of ex- 
pression which requires an arch so small. If it 
were intended to magnify 200 times, half a degree 
wouM be still too much, and the measure of the arch, 
in that case, ought not to exceed the third part of a 
degree. This arch, however, must receive an extent 
of 6 inches ; the radius of the circle must therefore 
be so much greater, and consequently also the focal 
distance. This is the true reason why great magni- 
fying powers require telescopes of such coasiderablr 
length. 

9th March, 176^ 
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Pbnimi'iim efthe Ajxrtun qfLetuti,aTUoth«rmemtM 
efltitemng lAc Space of Diffusion tHi it it rtAtc*d 
to nolhing. 

Wbch the apace of an object-glaaa is too gntt to 
admit of distinctness of expression, it majr be T«ry 
eaiiily remedied : yon have only to cover the lens 
nitha circleof pasteboard, lesTing an opening- in the 
centre, so tbat the lens may transmit no other rays 
but those which fall upon it through the opening, 
and that those which before passed through the ez- 
tremitiea of the lens may be excluded ; for as no rays 
are transmitted but through the middle of the lens, 
the smaller the opening is the smaller likewise will 
be the space or dinusion. Accordingly, tnr a gradual 
diminution of the opening, the space of dimision may 
be reduced at pleasure. 

Here the case is the same as if the lens were no 
larger than the opening in the pasteboard, thus the 
covered part becomes useless, and the opening de- 
terminesthe siieofihelens; this then is the remedy 
employed to give object-g^assoa any given extent. 

P P is the object-glass. Fig. IBS, before „. ,„, 
which is placed the pasteboard N N, having "^' '™- 
the opening M M, which is now the extent || a 
of the lens. This opening M M is here mI J 
nearly the half of what it would be were 
the pasteboard removed ; the space of dif- 
Aision is therefore much smaller. It is 
remarked, that the space of diffusion in 
this case is only the fourth part of what 
it was before. An opening MM, reduced to a thiid 
of P P, would render the space of difliision nino 
times less. Thus the effect of this remedy is vory 
jconsiderable ; and on covering the extninitiei M 
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the lens ever bo little, the effect of it becomes per- 
ceptible. 

If, therefore, a telescope labours under this defect, 
that it does not represent objects sufficiently distinct, 
u a aeiies of imsgea blended together must of ae- 
cesaity produce confusion, you nave only to coo- 
tract the aperture of the object-glass by a covering 
of pasteboard such as I have described, and this 
confusion will infhlUbly disappear. But a defect 
equally embarraasing is the consequence ; the de- 

See of brightness is diminished. \ ou will recollect 
at every degree of the magnifying power requires 
a certain aperture of the object-glass, that as many 
raya may be transmitted as are necessary to procure 
a Bufiicient illumiuatioD. It is vexatious, therefore, 
in curing ooe defect, to fall into another ; and in 
order lo the construction of a very good telescope, 
it ii absolutely necessary that there should be sutlt- 
cient brightness of illumination, without injuring 
distinctness in the represeJitation. 

But can there be no method of diminishing, nay, 
of totally reducing the space of diffusion of object- 

S' iBses without diminishmg the aperture < This is 
e great inquiry which has for some time past en- 
gaged the attention of the ingenious, and thesolutioB 
of which promises such a lleld of discovery in the 
science of^ dioptrics. 1 shall have the honour, at 
leaat, of layingbefore you the means which scientific 
men have su^eeted for this purpose. 

As the focus of the rays which pass through the 
middle of a convex lena is more distant from the 
lens than the focus of the rays which pass through 
the extremities, it has been remarked that concave 
lenses produce a contrary effect. This has sug- 
gested the inquiry, whetber it might not be possible 
to combine a convex with a concave lena, in such a 
nannMlhal thespace of diffusion should be entirely 
annihilated ; while, in other respects, this coqipouod 
lena should produce the same effect as aa orainaiT 




Fif. 186. 
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flimple object-rlass * You know that concave lenses 
are measured by their focal diatance as well as those 
wbich are coavex ; with this difference, that the 
focus of the concave is onlj imaginary, and falls he- 
fore the lens, whereas the focus of convex lenses is 
feal, and falls behind them. Having made this re- 
mark, we reason as follows : 

1. If we place, Fig. 186, behind a con- Fig 186 
wei lens P A P, a concave one Q B Q of * 
the same focal distance, the rays which 
the convex lens would collect in its focus 
will be refracted by the concave, so that 
they will again become parallel to each 
other, as they were before passing through 
the convex lens. 

S. In this Case, therefore, the concave 
lens destroys the effect of the convex, and 
it is the same thing as if the rays had proceeded in 
their natural direction, without undergoing any re- 
fraction. For the concave lena, having its focus at 
the same point P (see Fig. 178, p. 331), restores the 
parallelism of the rays, which would oUierwise have 
met at the point F. 

3. If the focal distance of the concave lens were 
smaller than that of the convex, it would 

S reduce a greater effect, and would ren- Fig. 187, 
er the rays divergent, as in Fig. 187 : the " ~ " 
Incident parallel rays L M, E A, L M, pass- 
ing through the two lenses, would assume 
the directions NO, B F, N 0, which are 
divergent from each other. These two 
lenses togefher produce, therefore, the . 
same effect as a simple concave lens, 
which would impress on the incident par- 
bEb] rays the same divergence. Two 
such lenses joined together, of which the 
concave has a smaller focal distance than 
the convex, are therefore equivalent to a 
nmple concave lens. ' 

GgS 
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4. But if the conqave leas Q Q, Fig. 
188, has a greater focal distance than 
the convexlens P P, it is not even suf- 
ficient to render parallel to each other 
the rays which the convex lens by it- 
self would collect in its focus F : these 
rays, therefore, continue convergent, 
but their convergence will be dimin- 
ished by the concave lens, so that the 
rays, instead of meeting in the point F, 
will meet in the more distant point 0. 

5. These two lenses joined together 
will produce, thea, the same efi^ct as 
a sample convex lens which should 
have its focus at 0, as it would collect 
the parallel rays L M, £ A, L M, equally, 
in the same point. It is therefore evi- 
dent that two lenses may be combined . 

an infinite variety of ways, the one being convex and 
the othet concave, so that their combination shall be 
equivalent to a given convex lens. . 

6. Such a double object-glass may therefore be 
employed in the construction of telescopes, instead 
of the simple one, to which it is equivalent ; and the 
effect as to the magnifying power will be just the 
same. But the space of diflusion will be quite dif- 
ferent, and it may happen to be greater or less than 
that of a simple object-glass ; and in this last case 
the double object-glass will be greatly preferable to 
the simple one. 

7. But, further, it has been found possible to ar- 
range two such lenses so that the space of diflfUaion 
«8 reduced absolutely to nothing, which is undoubt- 
edly the greatest advantage possible in the construc- 
tion of telescopes. Calculation enables us to deter- 
mine this arrangement, but no artist has hitliej:to 
been found capable of jreducing it to practice. 

iSM Marchj 1769. 
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Of Con^mmd Objeel-gituset. 

The combination of Iwo lenaea, ol which t have 
now given the idea, ie denominated a compoand 
objeot-glaM ; the ead proposed IVom them is, that 
all the rays, as well those which pass through the 
feztremitieB of s lena as those which pass through 
the middle, should be collected in a single point, so 
that only one image may be formed, without diflii- 
•ion, as in simple object-glasses. Could artists 
succeed in efTectiog such a construction, verv great 
advantages would result from it, as you shall see. 

It k evident, first, that the representation of ob- 
jects must be much more diatioct, and mor« exactly 
expressed, as vision is not disturbed by the appari- 



Again, as this space of diDuaion is the only reason 
' which obliges us to give to simple object-glasses 
. such an excessive focal distance, m order to render 
the inconvenience resulting from it imperceptible, by 
employing compound object-glasses we are reliev^ 
from that cumbersome expedient, and are enabled 
to construct telescopes incomparably shorter, yet 
posMSsing the same magnifying power. 

When, employing a single objtct-glass, you want 
to magnify a hundred times, the focal distance can- 
not be less than thirty feet, and the lengtlr of the 
telescope becomes still greater on account of the 
eye-glsss, whose focal distance must be added ; a 
•mall object-glass would produce, from its greater 
space of ditfusion, an intolerable confusion. But a 
length of thirty feet is not only very incommodious, 
but artists seldom succeed in forming lenses of so 
gnai a local distance. You will readily perceivs 
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the reason of this ; fbr the radios of the rarfftces of 
Buch a lens nrnat likewise be thirty feet, and it ia 
very difficult to describe exactly so great a circle, 
and the sli^test aberration readers all the labour 
oseless. 

Accidents of this sort are not to be apprehended 
in the conatniction of compound object-^snec, 
vhich may be formed of smaller circles, prOTided 
they are susceptible of the apeltare which the mag- 
nifying power requires. Thus, in order to magnify 
one hundred times, we have seen that the aperture 
of the object-glass must be three inches ; but it would 
be easy to construct a compound objeei-^ass whon 
focal distance should be only one hundred inches, 
and which could admit an aperture of more than 
three inches : therefore, as the focal distance of the 
eye-glass must be one hundred times smaller, it wonU 
be one inch ; and the interval between the lenMs 
being the sum of their fonal distances, the leorth of 
the telescope would be only one hundred a^ one 
inches, or eight feet five inches, which is far ahoit 
of thirty feet. 

But it appears to me that acomponnd obJect-gUsa, 
whose focal distance should be fifty inches, mi^t 
easily adroit an aperture of three inches, and even 
more : taking, then, an eye-glass of half an inch 
focus, you will obtain the same magnifying power of 
one hundred times, and the length of the telescope 
will be reduced one-half, that is, to four feet and leas 
than three inches. Such a telescope, then, would 
produce the same efl^cl as a common one of ttairtr 
feet, wbich is assuredly carrying it as far «a need 
be wished. 

If such a compound object-glass could be made to 
answer, you would only have to double all these 
measurements in order to have one which ahoiild 
admit an aperture of six inches ; and this mi^t be 
employed to magnify two hundred times, making dm 
Ot an eye ^ssa of half an inch focus ta the twoW- 
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Now, a common telescope which ahonld maffniry two 
hundred times, must exceed ooe hundred Teet in 
length; whereas this one, which is constructed with 
a«ompound objecl-glasB, is reduced to about eight 
CmIs and is perfectly accommodated to use, whereas 
a telescope of ooe hundred feet long would be an 
onwieldly and almost useless load. 

The Bobject mi|{ht be carried still much ftirther, 
and by again doubhng the measurements, we might 
have a compound object-glass whose Tocal distance 
•hould be two hnndi«d inches, or sixteen feet eirht 
inches, which should admit of an aperture of twelve 
inches, or one foot : taking, then, an eye-glaas of 
iMlf an inch focus, s« two hundred inches contain 
Itour. hundred haif-ioches, we should have a telescope 
capable of magnifying fiur hundred times, and slill 
abundantly manageable, being under seventeen feet ; 
whereas, were we to attempt to produce the same 
magnifying power with a simple objecl-glass, the 
length of the telescope must eaceed three hundred 
feet, and conseouently could be of no manner of use 
on account of tnat enormous size. 

Tbey have at Paris a telescope one hundred and 
twenty feet long, nnd one at London of one hundred 
and thirty feet ; but the dreadful trouble of mount, 
ing and pointing them to the^object almost annihi- 
lates the advantages expected from them. From 
this you will conclude of what importance it would 
be to anccaed in the construction of the compound 
lenses which I have been describing. 1 suggested 
the first idea of them several years ago, and since 
then artists of the greatest ability in England and 
France have been attempting to execute them. 
Repeated efforlB and singular skill in the artist are 
undoubtedly requisite. Indeed, 1 have made, with 
the assistance of an able mechanician of our Acade- 
n, ,donie not unsuccessful attempts i but the ex- 




peime attending such in enterpme hu (Miged m* 
to aire it up. 

But the Royal Society of London last year an- 
nounced, that an eminent artist, of the name ot IM- 
land,' h^ fortunately snceeeded ; and his telescopea 
are now onirersidty admired. An able Brtist of 
Paris, named Patsrmmt, boasts of a simitai auccew. 
Both these gentlemen did me the honour, aorao 
time ago, to correspond with me on the autiQect ; bat 
as rhe point in question was chiefly how to snmtonnt 
certain great difflcullies in the practical part, wfaicb I 
never attempted, it is but fair that i ahoiAd relioquiak 
to them the honour of the discovery. The ttaetxy 
alone ia my province, and it has cost me much pro- 
found research, and many painful calculatiOQi, th« 
very sight of which would terrify you. I ahaU 
therefore take care not to perplex you furthw with 
Ihia abstruse inquiry. 

IfltA March, 1769. 
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FormatioH of Simple Objwt^Uuit. 

In order to give you some idea of the resaarchea 
which led me to the comtraction of compound ob> 
ject-glaases, I must begin with Uie formation of the 
eixnpk lens. 

Observe, first, that the two surfaces of a lens may 
be formed in an infinity of diflerent ways, bytakii^ 
circles of which the surfaces are aegmenta, either 
equal or unequal to each other, the ^cal diabuice, 
however, remaining always the same. 

ir<iri«all,E^., i>rM<>i»tiilJ, lnf£>i.lDit>iiriarI7SJ.»k>i iCa 
(ii»ly/nirT«nbaflm Ilia perVidilludtdiDlitHriinlkiir. TtM Ib. 
^■Ivula liiHininmE, !«, Umrtaro, ia 4WT tIcw cpf Itu null 
tonnilai. S« ilH inlclo Cp(u(, la il» kdnitmrgk EmyiL, 
•>. p. n^ BBU, At ■ lUI KaHDi arur Stf I IMiiiin.-A(. 
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The tame figure ia nauilly given to both Mrfsces 
'4 a lena, or, as the mirfaees of a lens are reprfr- 



tkin has undoubtedly recommended this figure, as 
the same basin serves to form both suifacea, and 
most artists are provided with out few basins. 

Suppose, then, a convex lens, both whose surfeces 
aie polished on the same basin, one of twenty-four 
inches radius, so that each surface shall be an arch of 
the circle whose radius is twenty-four inches : this 
lenM wilt be convex on both sides^ and will have its 
focal distance at twenty-four inches, according to 
the common calculation ; but as the focus depends 
on the refraction, and as the refraction is not abso' 
hitely the same in eveiy species of glass, in which we 
find a very considerable diversity, according as the 
glass is more or less white and hard, this calculation 
of the focus is not'Strictly accurate; and usually the 
focal distance^rthe lena is somewhat less Ihaa the 
radius of its two surfaces; sometimes the tenth 
pari, somelnnes the twelfth : accordingly, the sup- 
posed lens, the radius of whose surfaces is twenty- 
four inches, will have its focus at the distance of 
about fweitty-two inches, if it is formed of the same 
species of glass of which mirrors are commonly 
manufactured ; though even in glass of this sort we 
meet with a small diversity in respect of refraction. 

We see aderward, that on making the two sur- 
fcces of the kne unequal, an infinity of other lenses 
may be formed, which shall all have the same focal 
distance ; for on taking the ndius of one of the 
■urfaces less than twenty-four inches, that of the 
other surface must b» taken greater in proportion, 
iccording lo a certain nde. The radius of one of 
the surfaces mav always be taken at pit- asure ; and 
by means of a certain rule the radius of the olher 
nay be found, in onler that the focal distwice nray 
Wimn Ike M»e ai if aich aurfue bad bem fbrned 




on a radios of twentv-four inchea. The foUowihe 
table eshtbiU several each leoBes, which have all 
tke same focal distance. 



IX. 19 infinity 

In ttie last form, the radius of one surface is only 
13 inches, or the half of 94 inches ; bui that of the 
other becomes infinitti : or rather, this surface is an 
arch of a circle infiliitely great ; aiid as such an arch 
Offers nothing frqm a straight line, tl^ may be coi>> 
sidered as a plane eurfs«e, and such a lens is plno- 

Were wo to assume the radios of a surfoce still 
smaller than IS inches, the other eurfaee mUst be 
made concave, and the lens will become Mliveio- 
concave ; it will, in that oas«, bear the name of 
mtnUcw. sevEial figures of which are repreaemed 
in the following^ table : — 



lAu if rkt Cmmt Katau of Ut Cm 
Bvjaa. Siirfui. 



XII. 
Xllt. 
XIV. 



Her«, then, is a new apocies of leOMi, this tet of 
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which IB raprsMiited in Fig. 190, so that r^ ,«. 
we have now Sixteeo different Bfiecies, ^!^-~~^ 
which have ill the same focal distance ; ^ ^ 
and this is about 33 inche*, a little more 
or less, according to the natne of the glass. 

When, therefore, the only quustion is, What focd .. 
distance the lens ought to IniYel it is a'matterM 
indifference accordinif to which of these Torms ycu'' 
go to wotI[ ; but there may be a very greM differ- 
n the apace of diffusion to which eac}) species 



be employed, as is uanally diHie, it is by no means 
indifferent of what figure you assume it, for that 
which [voducea the smallest space of diffusion is 
to be preferred. Now, this excekleut property does 
not belong to the first species, where the two sur- 
faces are equal ; but nearly to species VII., which 
possesses the quality, that when you turn towards 
the object its more convex surface, or that whose 
radius is smalfest, the space of difiusion is found to 
be about on^halfless than when the leas ia equally 
convex on both sides : this, therefore, is the most 
advantageous figure for simple object-glasses, and 
pnctitivners are accordingly agreed in the use «f it. 

It is evident, then, that in order to ascertain the 
space of diffusion of a lens, it is not sufficient to 
kiiow its focal distance ; its species likewise must 
be determined, that is, the radii of each surface ; and 
yoti must carefully distinguish which side is turned 
to the object. 

Alter this explanation, it is neceesary to remaik, 
that in order to discover the combination of two 
lenses which shall produce uo dilfusion of image, 
it is absolutely necessary lo take into the account , 
the figure of both surfaces of each glass, and to 
neolve the following problem: Wiat nuul U tha 
rtdii tf da tat/aeti of Mo lemu, in »r4tr lo rtJne* 

Vol. fl.-HV 
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tputeu the most profound researches of the moat 
sublime geometry i and sapposing theM to hare 
been successful, the artist has, after all, many diffi- 
culties to surmouDt. The faesins must hare pn- 
cisely that curve which the cnlculatioa indicBtes; 
' nor is that sufficient, for in the operation of rormiog 
,the lens on the basin, the basin suffers from the 
flietion in its turn ; hence it becomes necessary to 
rectify iti figure from time to time, with all possiblo 
accuracy, for if all these precautions are not strictly 
observed, it is impossible to ensure success ; and it 
is no easy matter to prevehtthe lens from aaanming 
a figure somewhat different from that of the tusin 
in which it is moulded. You must be sensible, from 
all this, how difficult it must be to carry to perfec- 
tion this important arttcle'ia dioptrics. 
mih Mamh, 1769. 
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Second Souret ofDtfectaMto Dulmetrnwi of Bepreseitt- 
atum by the TeUicopt. DifferttU Eefrmgiiility of 

YoD have now seen in what manner it may be 
possible to remedy that defect in lenses which arise* 
from the different refraction of rays, as those wbicb 
pass through the extremities of a lens do not meet 
m the same point with those which pass through its 
middle, the effect of which is an infinity of images 
dispersed throuiih the space of diffusiou. But Uiis 
is not the only defect ; there is another, of so much 
more importance that it seems im[)0BsiblB to iqjply 
a remedy, as the caase exists, not in the glass, but 
in the nature of the rays themselves. 

You will recollect that ihere is a great variety in 
rays, with respect to the different colours of which 
«H»y convoy th« impresaioa I have compared this 
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dtvenitf to that wluch we meet with in mnaical 
notes, having laid it down as a priocipla, Oiat each 
colour is ittached to a certain number of vibrations. 
But supposing that this explanation should still ap- 
pear doubtful, it is beyond all doubt that rays of 
different colours likewise undergo different refrac- 
tions in their passage from one transparent medium 
to another ; thus, red rays undergo the least refrac- 
tion, and violet the greatest, though the difference 
is almost imperceptible. Now, all the other colours, 
m orange, yeUow, green, and blue, are contained, 
with remwct to refraction, withiii these two limit*. 
It mast likewiae be remarked, that white is a mix- 



in fact, when a white ray P, Fig. 191, or a lay 
of the sun, faUs obliquely on pjg, igi 

a laece of ^ass A B C D, f 
inatesdof pttrsninffits cowse 
in the direction P Q, it not 
onlv deviates from this, bat a_ 
dtTides uito a variety of lays, 
Pr, P*,P(, Pd: the flrat 
of which P r, the one that 



most, the violet colour- The dispersion r c is in- 
deed much smaller than it appears in the figure; 
tiie divergence, however, always becomes more 
perceptible, , 

From this different tefrangibihty of rays, accord- 
ing to their different colours, are produced the fol- 
lowing phenomena with respect to dioptric glasses : 

1. Let P P, F^. 103, be a convex lens, on the 
axis of which K, at a very great distance A O, is 
the object O e, the image of which, as represented 
by the lens, we are to ^termine, putting aside here 
toe first irregularity, that which respects diSiision ; 
or, which amounts to the same thing, attending 
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to those rays only which pass throngh Fig. IW. 
the centre of the lens A B, as if its ex- 
tremiiies were covered vrith a circle of ' 
pasteboard. 

3. Let us now supijose the object O o 
to be red, so that all its rays shall be of 
the same nature; the lens will some- 
where represent the image of it R r 
etiaslly red ; tbe point R is, in this case, 
denominated the focus of the red rays, '(*_ 
or of those which undergo the least i^ *^ ^^* 

"will bo nearer ^3k 
th« kns than R r; this point o is called 
the focus of violet rays. 

4. If the object were painted some other inter- 
mediate colour between i«d and TJolet, the imaire 
would fall between the points R and V, wmdd 
bs always very distinct, and termiiiated by the 
straight line* a B, drawn from the extremity • of the 
object, through the centre of the lens, this being a 
general rule for all colours. 

6. But if the colour of tbe object is not pore, u 
is the case in almost all bodies, or if the ot>ject is 
white, whkh is a mixture of all colours, the diffisr^ 
ent species of ra^s will then be separated by refrvc- 
tion, and each will represent an image apart, Thai 
■ which is formed of red rays will be at R r ; and that 
which is produced by tbe violet at V d ; utd the 
whole space R V will he filled with images of the 
tntermediate colours. 

6. The lens P P, then, wiB represent a succesnoa 
of images of the object O o, disposed through tlte 
small spnce R V, of which the most eemotc fnioi 
the lens is red, and the nearest V e violet, and the 
intermediate images of the iRtermediate cdoim. 




BT THK TELBICDFE. 36fi 

according; to tlie oider of the coloun as they q^iear 
in the rambow. 

7. Each of these images will be abundantly dis- . 
tinct in itself, and all tenninated by the straight line 
a Bv r, drawn fTom the extremity o of the object 
through the centre of the lena B; but tbey could 
not be vieved together without a very perceptible 
confusion. 

B. Hence, then, is produced a new apace of dif- 
fiision, as in the first irregularity ; bat differing from 
it in this — that the latter is independent on the aper- 
ture of the lens, and that each image is painted of a 
particular colonr. 

9. This space of diOiision R V depends on the 
focal distance of the lena, so as to be always about 
the 28th part ; when, therefore, the focal distance 
of the lena P P is 28 feet, the space R V becouKS 
equal to an entire foot, that is, the distance between 
the red image R r and the violet V r is one foot. 
If the focal ^stance were twice as great, or 66 feet, 
the apace R V would ho two feet ; and so of other 
distances. 

10. Hence the calculation of the focal distance of 
a lens becomes uncertain, as the rays of each colour 
hare their separate focus; when, therefore, the 
focus of a lena is mentioned, it is always necessary 
to annoimce the colour that we mean. But rays of 
■n intermediate nature are commonly understood, 
those between red and violet, namely the green. 

11. Thus, when it is said, without further ex- 
[)Uuiation, that the focal distance of such a lens is 
66 feet, we are to understand that it ia the green 
image which falls at that distance ; the red image 
wiU fall about a foot farther off, and the violet a foot 

Here, then, is a new circumstance of essential 
importance, to which attention must be paid in lh» 
construction of dioptrical instnimenta. 

934 MarcK 1763. 

HhS 
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LETTER cm. 

JHeans of remedying this Defect by Compomd Oly^eU 

glasses. 



It is necessaiy carefully to distinguish this 
diffusion or multiplication of the image, arisiiig from 
the different refrangibility of rays, as being of diflter- 
ent colours fVom the first diffusion, occasioned hj 
the aperture of the lens, inasmuch as the rays which 
pass through the extremities form another imagje 
than those which pass through its middle. This 
new defect must accordingly be remedied differently 
from the first. * 

You will please to recollect that I have proposed 
two methods for remedying the preceding defect; 
the one consisted in an increase ^f the focid dis- 
tance, in order to diminish the cufve of the surfaces 
of the lens. This remedy introduces instruments 
extremely long whenever a great magnifying' power 
18 required. The other consists in a combination 
of two lenses, the one convex and the other con- 
cave, to modify the refraction^ so that all the rays 
transmitted through these lenses may meet in the 
same poinft, and the space of diffusion be totally 
dnced. 

But neither of these remedies affords the least 
sistance towards removing the inconvenience wising 
from the different refrangibility of rays. The fint 
even increases the evil ; for the more that the focal 
distance is increased, the more considerable becomes 
the space through which the coloured images aie 
dispersed. Neither does the combination oftwo or 
more lenses furnish any assistance ; for we are as- 
sured, from both theory and experience, that die 
images of different colours remain always separated, 
however great the number of lenses through whi 
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tb«T^ uvtraiBiDitted, and tliat the more tbelena 
migniAes, Vtie morn the difference increases. 

This diOlcalty appeaicd so formidaUe t« the great ' 
Newton, that he despaired of finding z reraedv for a 
Msct which be believed absolutely inseparahfe ftmn 
dioptrical instruments, when Ae vision ta ptoduced 
b^ refracted raya. For this reason he resolved to 
pire up TeTractimi altogether, and to emtdoy mtrrors 
malead of object-glaaseB, as reflection ia always the 
aame for rays of every nature. Thie idea has pro- 
cured for us those excellent reflecting telescopes, 
whose surprising effects are so justly admired, and 
which I shall describe after I have explained every- 
thing relMJre to refrartive inatnunents. 

On being convinced that it was impoaaiUe to 
rsmedy the diSerent refrangibility of rays by a 
combination of several tenses, I remarked that the 
reason of it was founded on the law of refraction, 
which is the Bame in every i^ciea of glasses ; and 
I perceived that if it were poMiUe to emi^y othvr 
tran^arent substances, whose refraction ^onld be 
considerablv difrerent Anm that of gtass, it mi^t be 
very possible to combine snch eabstance with glasa, 
in such a manner that all the raya should unite in the 
formation of a single image, without any space of 
diffusion. In pursnance of this idea, I found means 
to compose otiject-glaases of ^ass and water, whoQy 
exempt from the effect of the different refrangibility 
ef rays, which consequently would produce as good 
an effect as mimts. 

I executed my idea with two menis- Fi^. IDS. 

the one of which is A A C C, and the jm, 
other B B C C, which I joined together ■ 
with the concave surfaces towards each IW 
other, filling the void between them with ^/ 
water, so that the rajrs which entered by ^^ 
Qie lena A A C C must pass through the water on- 
doMd between the two lenses, before thcT'wnitofl' 
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through C C B B. Each ray underfoes, theo, four 
refractions: the first on passing from the air into 
the lena A A C C ; the second on paesing rrom this 
lens into the water; the third on passing thence into 
the oth^r lens C C B B i the rourth on paaaing from 
this tens into the air. 

As the four Hurfaces of these two lenses ber« 00- 
ter into consideration, I found means to detemum 
their aemi -diameters, so that of whatever colour t 
ray of light might be, after having undergone these 
four refractions, it should reunite in the same point, 
and the different refrangibility no longer produce 
diRerent images. 

These ohject'glasaes, coptponnded of two lenses 
sod water, were found subject at first to the former 



s formed by those which pass through the middlfl ; 
but, after much painful research, 1 found means to 
proportion the r^ii of the four surfat^s in such a 
manner that these compound object-glasses became 
wholly exempted from the defects of both the classes 
specified. But it was necessary, to this effect, to 
execute so exactly all the measurements prescribed 
by the calculation, that the slightest aberration most 
become fatal to the whole process ; I was therefore 
obliged to abandon the construction of these object- 
glasses.* 

Besides, this project could remedy only the incoo- 
Teniences which afTecl the object-glass, and the eye- 
glass might still labour under some defect as great, 
which it would be impossible to remedy in the same 
manner. Several eye-glasses are frequently em- 
[doyed in the construction of telescopes, which [ 
shall describe afterward : we should not, therefore, 
gain much hy a too scrupulous adherence to the ob- 
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jecVglaM only, while we overlook the other lensei, 
though their effect may not be greatly perceptiUe 
relatively to that of the object-^as. 

But whatever pains these researches may have 
cost me, I frankly declare that I entirely give up at 
present the construction of object-glasaes com- 
pounded of glasses and water ; aa well on acconnt 
of the difficulty of execution, aa that 1 have since 
diacovered other means, not of destroying the effact 
of the different, refrangibility of rava, but of render^ 
tag it imperceptiUe. This ahall be the mbject of 
my next Letter. 

37th Martk, ITGS. 



LETTER CIV. 
Other Meani more praetieabU. 

8iiKB the reflecting telescope cune into genertl 
use, refracting ones have been so run down that they 
are on the point of being wholly laid aside. The 
constniction of them has accordingly for some time 
past been wtolly suspended, under a Hrm persnaaion 
that every effort to raise ihem to a state of per^ 
feetion would be useless, as the great Neaun htA 
demonstrated that the insurmountable difflcultiea 
arising from the different refrangibility of rays wa* 
absolutely iaseperHbte from theconatructianof tele- 
■copes. 

If this sentiment be well founded, there is no 
telescope capable of representing Directs but with a 
confusion insupportable in proportion to the great- 
ness of the magnifying power. However, though 
there are telescopes extremely defective in this 
respect, we likewise meet with some that are excel- 
lent, and nowise inferior to the so much b o— t e d 
reflecting telescopes. This b undoubtedly a very 
great puadox ; for if this defect really attached to 
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moD]' of experience that it exiBts — well merits every 
degree of attention. 

We are to inquire, then, how it happeoB ttiat cer- 
tain telescopes represent the object abundantly di«- 
Unct, while othets are but too much mbject to the 
defect occasioned by the different refrangibility of 
rays. J think 1 have discovered the reasoo, which 
I uibmit in the following reflections : — 

I. It is indubitably certain that the obiect-gian 



aion, and each of which is painted its own proper 
colour, as I have demonstrated in the precedmc 
Letter. r"~™-« 

9. Each of these images becomes an otigect, with 
respect to the eye-glass, which represents each sep- 
arately, in the colour proper to it; so that the eye 
discovers, through the telescope, an infinity of im- 
ages, disposed in a certain order, according to the 
refraction of the lens. 

3. And if, instead of one eye-glass, we were to 
employ eei:eral, the same thing will always take 
place, and instead of one image, Uie telescope will 
represent an infinity to the eye, or a series of im- 
ages, each of which axpreases a separate object, but 
of a particular colour. 

4. Let us now consider, Fig. 194, the last image* 

Fig. IH. 



presented by tto telescope to an eye placed at 0, 
and let Rr be the red image, and V e the violet, tboae 
of the other colours being between these two, a^ 
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cording to the order of their diRerent refrangibilitf. 
I have not in this Sgaze introduced the lenaes of the 
telescope, the only point at present being to show 
in what manner the eye sees the imagee. Only we 
muat conceiye the distance of the eye O from tnese 
ijnages to be very great. 

6. All these images R r and V c, with the inter- 
mediate, are situated, then, on the axis of the tele- 
scope R V, and terminaled by a certain straight 
line, r V, denominated the terminatrix of all the 
images. 

6. As I have represented these images in the 
figure, the red image R r is seen by the eye at O, 
under the angle R O r, which is greater than the 
angle V v, under which the violet image V o is 
seen. The violet rays which, from the image V v, 
enter into the eye, are therefore blended with the 
red which come from the part R r of the red image 
Rr. 

7. Consequently, the eye cannot see the violet 
image without a mixture of mys of other colours, 
but which correspond to different points of the ob- 
ject itself; thus the point n of the red image is 
confounded in the eye with the extremity o of the 
violet image, from which a very great confusion 
must arise. 

8. But the ray r not being mixed with the 
others, the extremity seen will appear red, or the 
image will seem bordered with red, which allerward 
successively blends with these other colours, so that 
the object will appear wilh a party-coloured border; 
a fault very common in telescopes, to which some, 
however, are lees subject than others. 

9. If the greater image R r were the violet, and 
T « the red, the confusion would be equally offen- ' 
sive, with this difference only, that the extremities 
of the object would then appear bordered with vio- 
let instead of red. 

10. The confasioQ depends, then, on the position 
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of the tenninatiDg straight line r v with relation to 
the line V O, ami the diversity which may take 
place in it ; the result must be, that the confusion 
will be sometimes greater and sometimes less. 

11. Let us now consider the case in which the 
last images represented by the telescope are so 
arranged, that the straight terminating Hne v r, being 
prodi^ed, would pass precisely into the eye. The 
eye vnlX then see, Fig, 195, along a single ray v r 0, 



Fig, 195. 




aU the extremities ; and, in general, all the points 
which correspond to one and the same point of t)M 
object wiU be conveyed to the eye by a single ray, 
and will there, consequently, be distinctly repre- 
sented. 

19. Here, then, is a case in wliich, notwithstand- 
ing the diversity of images, the eye may see the 
object distinctly, without any confusion of the Af- 
ferent parts, as happened in the preceding case. 
This advantage, then, will be obtained when the ter- 
minating line V r, being produced, passes through 
the place of the eye 0. 

13. As the arrangement of the last images R r 
and V 17 depends on the disposition of the eye-riasses, 
in order to rescue telescopes from the defect im- 
puted to them, nothing more is requisite but to 
arran^ these lenses in such a manner that the ter^ 
minating line of the last images v r shall |M8S 
throuffh the eye; and telescopes thus conatnicted 
will always be excellent. 

90fA ATorcA, 1769. 
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S»tt^tulatim of tit Qualiliei of a good TiUieape. 

Oh taking a ^neral review of Ike subject, ^ou 
will readily admit that an excellent telescope la a 
moat valusude commodity, but rarely to be met with, 
beinx subject to bo many defecta, and so many quali- 
ties being requisite, each of which has an esaenlial 
inflnence on the construction or the instrunient. 
As the number of the ^od qualities is considerable, 
in order that no one of them may escape your ob- 
servation, 1 shall Bf^n go over the ground, and 
make a distinct enumeration of them. 

1. The first respects the magnif^ng power ; and 
the more that a telescope magnifiea objects, the 
IDOre perfect undoubtedly it is, provided that no 
Other good quality is wanting. Now, the ma^ify- 
ing power is to be estimated from the number of 
times that the diameter of the object appears greater 
than to the naked eye. You will recollect that, in 
telescopes of two lenses, the magnifying power ia 
BO many times greater as the focal distance of tbe 
object-glasa exceeds tbat of the eye-glass. In tele- 
scopes consisting of more lenses than two, the 
determination of the magnifying pqwer is more in- 



« the object obscurely, and as through a miat. 
In order to avoid this defect, the object-glass must 
be of such B siie as is regulated by the magnifying 
power. Artists have determined that, in order Ki 
magnify 300 times, the aperture of the object-giaM 
ought to be three inches diameter; and for every 
other magnifying power in proportion. And when 
objects are not Terv luininow of tlteiiuelT«s, il 
Voi-U.— li 
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would be proper to employ object-glasses of a still 
grreater diameter. 

3. The third quality is diatinctness or accuracy 
of representation. In order to produce this, the rays 
whicti pass through the extremities of the object- 
glass ought to meet in the same point with iliose 
which pass through the middle, or at least the aber- 
ration should not be perceptible. When a simple 
objecl-glasB is employed, its focal distance must 
exceed a certain limit proportional to the magnify- 
ing power. Thus, if you wish to magnify 100 times, 
the focal distance of the object-glass must be at 
'east 30 feet. It is the destination, therefore, which 
imposes the necessity of making telescopes so ex- 
cessively long, if ne want to obtain a very great ' 
magnifying power. Now, in order to remedy this 
defect, an object-glass composed of two lenses may 
be employed ; and could artists succeed in the con- 
struction of them, we should be enabled very con- 
siderably to shorten telescopes, while the same 
magnifying power remained. You will have the 
goodness to recollect what I have already suggested 
at some length od this subject. 

4. The fourth quality regards likewise the dis- 
tinctness or purity of representation, as far as it is 
affected by the different refrangibility of rays of 
different colours. I have shown how that defect 
may be remedied; and as it is impossible that the 
images formed by different rays should be collected 
in a single one, the point in question is to arrange 
the lenses in the manner I have described in the 
preceding Letter ; that is, the terminating line of ttie 
last images must pass througli the eye. Without 
this, the telescope will have the defect of repre- 
senting objects surrounded with the colours of tlra 
rainbow ; but the defect will disappear on arranging 
the lenses in the method I have pointed out. But 
to this effect, more than two lenses must be em- 
ployed, in order to ■ proper arrangement. 1 bBV« 
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hitherto spokeD only of telescopes with two lenses, 
one of which is the object-glass, and the other the 
eye-^ass ; tmd you know that their disbince from 
each other is already determined by their focal dis- 
tances, so that here we are not at liberty to make 
any alteration. It happens, fortunately, however, 
that the terminating hue which 1 have mentioned 
passes nearly through the place of the eye, so that 
the defect arising from the colours of the rainbow 
is almost imperceptible, provided the preceding de* 
feet is remedied, especially when the magnifying 
power is not very great. But when the power ia 
considerable, it would be j'foper to employ two eye- 
glasses, in order entirely to annihilate the colours 
of the rainbow, as in this case the slightest defects, 
being equally magnifled, become insupportable. 

5. The fifth and last good quality of a telescope 
is a large apparent field, or the space which the m- 
■tniment discovers at once. You recollect that 
■mall pocket-glasses with a concave eye-glass are 
subject to the defect of presenting a very small 
field, which renders them incapable of magnifying 
greatlv. The other species, that with a convex 
•ye-glass, is less subject to this defect ; but aa it 
represents the object inverted, telescopesof the first 
■peciea would be preferable, did they discover a 
larger field, which depends on the diameter of the 
aperture of the eye-glass ; and you know we can- 
not increase this aperture at pleasure, because it is 
determined by focal distance. But by employing 
two or three, or even more eye-glasses, we nave 
found means to render the apparent field greater ; 
and this is an additional reason for employing seve- 
ral lenses in order to procure a telescope in all re- 
■pects excellent. 

To these good qualities another ma^ be still added, 
that the representation shall not be mverted by the 
Instrument, as by astronomical telescopes. But this 
defect may be easily remedied, if it be one, by the 
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■iddition of two mi 

in my next Leiter. 

3d April, 1703. 
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LETTER CVI. 
Temitrial Teleicopei infA four Lentet. 

I HAT* treated at considerable length of telescopes 
composed of two convex lenses, known by the name 
of astronomical tubes, becHuae they are commonly 
os»d for observing the heavenly bodies. 

Yon will readily comprehend that the Dse of Bnch 
instruments, however excellent they may be, is 
limited to the heavens, because they represent ob- 
jects in an inverted position, which is very awkward 
u contemplating' terrestrial bodies, as we would 
rather wish to view them in their natural situation i 
but on the discovery of this species of telescope, 
means were quickly found of remedying thatdefect, 
by doubling, jf I may say so, the same teleacope. 
P or es two lenses invert the object, or represent ttw 
image inverted, by Joining a similar telescope to the 
former, for viewing the same image, it is again in- 
verted, and this second representation will exhibit 
the object upright. Hence arose a new species trf 
telescopes, composed of four lensea, called terres- 
trial telescopes, from their being designed to con- 
template terrestrial objects ; and the method of 
con stnic ting them follows. 

1. The four lensea A, B, C, D, Fig. 189, encloaed 
Fig. 189. 
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in the tube M M N N, Tepreseot the telescope in 
<]uestion : the first of which. A, directed towards the 
object, is denomtnated the object-^ass, and the other 
three, BCD, the eye-glass. These four lenaes 
are all convex, and the eye must be placed at the 
extremity of the tube, at a certain distance from the 
last eye-glass D, the determination of which shall 
be afterward explained. 

9. Let. us consider the effect which each lens 
must produce when the object a, which is viewed 
through the telescope, is at a very great distance. 
The object-glass will first represent the ima^ of 
this object at P p, its focal distance, the magnitude 
of the image being determined by the straight line 
drawn from the extremity o through the centre of 
the lens A. This line is not represented in the 
figure, that it may not be embarrassed' with too many 
lines. 

3. Thia image P p occupies the place of the ob. 
ject with respect to the second lens B, which ia 
placed in such a manner that the interval B P shall 
M equal to its focal distance, in order that the 
eecoml image may be thence transported to an inB- 
nite distance, as Q 7, which will be inverted as the 
first P r, and terminated by the straighl line drawn 
from the centre of the lens B through the ex- 



A, B is equal, therefore, to the sum of their focal 
distances ; and were the eye placed behind the lens 

B, we should have an astronomical telescope, through 
which the object would be seen at Q q, and 
consequently inverted, and magnified as many times 
as the distance A P exceeds the distance B P. But 
instead of the eye, we place behind the lens B, at 
some distance, the third lens C, with respect to 
which the image Q q occupies the place of the ob- 
ject, as in fact it receives the rays from this image 
Q f, which being al a very great distance, the Ima 

Ii2 
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O win represent the image of it, at its focal distance, 
inRr. 

5. The image Q q bein^ InTerted, the image R r 
will be upright, and terminated fay the straight line 
drawn from the extremity q throiigh the centre of 
the lens C, which will pass through the point r. 
Consequently the three lenses A, B, C together rep- 
resent the object O o at H r, and this image R r is 
upright. 

0. Finally, we have only to place the last lens in 
such a manner that the interval D R shall be equal 
to its focal distance ; this lens D will again trans- 
port the image R r to an infinite distance, as S #, 
the extremity of which & will be determined by tlM 
strsdght line drawn from the centre of the lens D 
through the extremity r ; and the eye placed behind 
this lens will in fact see this image S s mstead of the 
real object O o. 

7. Hence it is easy to ascertain how many times 
this telescope, composed of four lenses, must mag- 
nify the object ; you have only to attend to the two 
couple of lenses. A, B and C, D, each of which 
separately would be an astronomical telescope. 
The first pair of lenses A and B magnifies as many 
ttraes as the focal distance of the first lens A ex- 
ceeds that of the second lens B ; and so many times 
will the image formed by it, Q ^, exceed the teal 
object o. 

6. Further, this image Q q occupying the plaoe 
of the object with respect to the other pair of lenses 
C and D, it will be again multiplied as many times 
as the focal distance of the lens C exceeds that of 
the lens D. These two magnifying powers added 
five the whole magnifsring power produced by ths 
four lenses. 

0. If, then, the first pair of lenses, A and B, mag- 
nify ten times, and the other pair, C and D, three 
times, the telescope will magmfy the object thrice 
ten, that as, thirty times; and the aperture of the 




pcnver, according to the rule formeriy laid d 

10. Hence yon aee, tiieii, that on Mpsrattng (iwn 
a terrestrnl telescope the two last lenses C and D, 
there would remain an Bsttonomical telescope, and 
that theae two lenses C and D would likewise form 
such a telescope. A tenestrial telescope, therefore, 
consists of two astronomical ones; and recipiocaUy, 
two astronomical telescopes combined form a ter- 
restriidone. 

This constnicti<m is susceptible of endless rsria- 
tiOBs, some preferable to othcn, as I ah^ afterward 
■dMnonsttate. 

■^Mi April, nm. 



LETTER evil. 

Arr mgen unt of Lentet m Terrttlrial Tdttctfti. 

You hsTB seen how, b; the addition of two coO' 
Tex tenses to an astronomical telescope, a terres- 
trial one is produced, which represents the object 
■upright. The four lenses of which a terrestrial telC' 
-Mcope is composed are susceptible of an infinite 
variety of arrangement, with respect to both focns 
and distance. 1 shall explain those which are of 
"^"^vMLastentisl impoctsoce, and refer you to Fig. 106. 



Fig. 196. 



t- 



-1— ^ 



1. With respect to their distances, I have already 

remained thst the interval between the two first 

lenses, A and B, is the sum of their focal distances ; 

' and tbic same thing holds as to the last leases C and 
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D: for each pair may be considered as a simple 
telescope, composed of two convex lenses, mil 
what must be tne interval between the two middle 
lenses B and C t May it be fixed at pleasure % A3 
it is certain that whether this interval be great or 
small, the magnifying power, always compounded 
of the two which each pair would produce separately, 
must continue the same. 

8. On consulting experience we soon perceive 
that when the two middle lenses are placed very near 
each other, the apparent field almost entirely van- 
ishes ; and the same thing takes place when they are 
too far separated. In both cases, to whatever object 
the telescope is pointed, we discover only a very 
small part of it. 

3. ror this reason artists bring the last pair of 
lenses nearer to the first, or remove them to a 
greater distance, till they discover the largest field, 
and delay fixing the lenses till they have found this 
situation. Now they have observed, that in settling 
this most advantageous arrangement, the distance 
of the middle lenses, B and C, is always greater 
than the sum of the focal distances of these same 
two lenses. 

4. You will readily conclude that this distance 
cannot depend on chance, but must be supported by 
a theory, and that afibrding a termination much more 
exact than what experience alone could have fur- 
nished. As it is the duty of a natural philosopher 
to investigate the causes of all the phenomena which 
experience discovers, I proceed to unfold the true 
principles which determine the most advantageous 
distance B between the two middle lenses. For 
this purpose I refer to Fig. 197. 

Fig. 197. 
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S. As all the rays mnst be conveyed to the eye, 
let UB attend to the direction of that one Which, pro- 
ceeding from the extremity of the visible object, 
pamea through the centre A of the object-([Uaa ; for 
onlesB this ray is conveyed to the eye, this extremity 
O will not be visible. Now this my undergoes no 
refraction in the object-glaae, for it passes through 
the centre A ; it wiU therefore proceed in a straight 
line to the second lens, which it will meet in its ex- 
tremity i, aa this is the last ray transmitted through 
the lenses. 

8. This ray, being- refracted by the second lens, 
will change its direction so as to meet somewhere 
»t N the axis of the lenses ; this would have hap- 
pened to be the focus of this lens, had the ray A J 
Men {laroUel to the axis ; hut as it proceeds from 
the point A, its reunion with the axis at n will be 
more distant from the lens B than its focal distance. 

7. We must now place the third lens C in such a 
manner that the ny, after having- crossed the axis 
«t n, may meet it exactly in its extremity c ; from 
which it is evident, that the greater the apertore of 
tiiis lens C is, the farther it must be removed from 
(he lens B, and the greater the interval B C becomes : 
but, on the other hand, care must be taken not to 
remove the lens C beyond that point, as in this case 
the ray would escape it, and be transmitted no far- 
llier. This circumstaitce, then, determines the just 
distance between the two middle lenses B ana C, 
Mnfonnablr to experience. 

8, Thii lens C will produce a new relVaction of 
the ray in question, which will convey it precisely 
to the extremity d of the last eye-glasa D, which, 
iMing amaller than C, will render the line c d some- 
irtiat convergent towards the axis, and will thus 
mderao, in the last lens, such a degree of refraction 
■s wiU reunite it with the axis at leas than its focal 
distance ; and there it is exactly that the eye must 
to plac^ in order to receive all the raya tiana- 



J 



882 C0N8TRVCTI0N OF TELESC0PS8. 

■liUed through the lenses, and to discover the 
greatest field. 

9. Thus we are enabled to procure a field whose 
diameter is almost twioe as large as with an astro- 
nomical telescope of the same magnifying power. 
By means, then, of these telescopes with four lenses 
we obtain a double advantage ; the object is repre- 
sented upright, and a much larger field is discovered 
— both circumstances of much importance. 

10. Finally, it is possible to find such an arrange- 
ment of these four lenses as, without aifectiujg either 
of the advantages now mentioned, shall entirely do 
away the defect arising from the colours of the rain- 
bow, and at the same time represent the object with 
aU possible distinctness. But few artists can attain 
tlus degree of perfection. 

leth April, 1762. 



LETTER CVIII. 

Precmutums to be observed in the Construction of 7We- 
seopes. Necessity of Uackening the Inside o/Tubes* 
Diaphragms. 

After these reseajrches respecting the construc- 
tion of telescopes, I must suggest and explain certain 
precautions necessary to be used; which, fhoogfa 
thev relate neither to the lenses themselves nor to 
their arrangement, are nevertheless of such import- 
ance, that if they are not very carefully observed, 
the best instrument is rendered entirelv useless. It 
is aot sufficient that the lenses should be arranged 
in such a manner that all the rays which faU upon 
them shall be transmitted through these lenses to 
the eye ; care must be taken, besidesi to prevent the 
transmission of extraneous rays through the tele- 
scope to disturb the representation. Let the foU 
lowmg precautions, then^ be taken. 
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1. The lenses of which a telescope is composed 
must be enclosed in a tube, that no other rays ex- 
cept those which are transmitted through the object- 
glass may reach the other lenses. For this effect, 
the tube must be so very close throughout that no 
chink admits the smallest portion of light. If by any 
accident the tube shall be perforated ever so slightly, 
the extraneous light admitted would confound the 
representation of the object. 

■ 3. Itiaiikewiseofimportancetoblackeuthrough- 
OUt the inside of the telescope, of the deepest black 
possible, as it is well known that this colour does 
not reflect the rays of light, be they ever so power- 
ful. You must have observed, accordingly, that the 
tubes of telescopes are always blackened iotemaUy. 



resented by the telescope, but those also 
which by the extremities enter all around 
in great abunihince ; such ia the ray b a, 
which falls on the inside upon the frame 
of the tube at i : if, therefore, the tube 
were white, inwardly, or of any other 
colour, it would be illuminated by this 
ray, and of itself would generate new 
rays of light, which must of necessity be 
conreysd through the other lenses, and 
disturb the representation, by mingling 
with the proper rays of the object. 

4. But if the inside of the tube be 
blackened deeply, no new rays will be 
produced, let the hght be ever so strong. This 
olackening must he carried through the whole length 
of the telescope, as there ia no black so deep as not 
to generate, when illuminated, some faint light. 
Supposing, then, that some extraneous rays were 
to make their way to the second lens B, the black 
of tbt tube, piusning their courae, wooM easily 
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absorb them altogether. There is a brilliaat black, 
which, for this reason, it would be very improper to 

employ. 

5. But even this precaution is not sufficient, it is 
necessary likewise to furnish the inside of the tube 
with one or more diaphragms, perforated with a small 
circular aperture, the better to exclude all extraneous 
light ; but care must be taken that they do not ex- 
clude the rays of the object which the instrument is 
intended to represent. See Fig. 198. 

6. It is necessary to observe at what Fig. 198. 
place in the tube the proper rays of the 
object are most contracted ; this must be 
at the points where their images are 
represented, for there all the rays are 
collected together. Now, the object- 
glass A represents the image in its focus 
at M. You have only, then, to compute 
the magnitude of this image, and there 
to fix your diaphragm, whose aperture 
m n shall be equal to the magnitude of the 
image, or rather somewhat greater. For 
if the aperture were less than the imase, 
there would be a proportional loss of the 
apparent field, which is always a great 
defect. 

7. These are the observations respecting the- dia- 
phragm which apply to astronomical telescopes 
composed of two convex lenses. In terrestrial tele- 
scopes two images are represented within the tube ; 
besides the first at M, represented by the object- 
■glass in its focus, and which the second lens B trans- 
ports to an infinite distance, the third lens represents 
a second image in its focus N, which is^ uprtg)it» 
whereas the formerwas inverted. At N, therefore, 
is the proper place to fix a second diaphragm perfo- 
rated with' an aperture; n n, of the magnitude of tiie 
image there represented. 

8. These diaphragns. aided by the blsdcnalis at 
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the Ruide of the tube, produce likewise an excellent 
effect with respect to aiatinctness of representation. 
It must be carefully observed, however, that the 
greyer the field is which the telescope discovers, 
ue loM is to be expected from these diaphtasnis, as 
in that case the imases become greater, so tnat the 
aperture of the diaphragms must be so enlarged as 
to render them incapable of any longer excluding the 
extraneous rays. So much the greater care, there- 
fore, must be taken thoroughly to blacken the inside 
at the tube, and tomake it larger, which consider- 
ably dimimahesthe unfdeasant elect of which 1 have 
IneD speaking. 
UU April, 1769. 



LETTER CIX. 

jTn (sAof ntatmer Teltscopei repretent Iht Moon, the 
Planeli, the Sun, and lA« Fixed Slarl. Why Ihete 
kut appear rmailer thnmgh tit TeUicope than to the 
luihrd Eye. Caiculalion of the 'Diitarue of tht Fixed 
Start, from a Compariton of their apparent Magtti- 
ttide vith that of the Sun. 

I AM persuaded, that by this time yon are verjr 
Weil pleased to be relieved at length from the dry 
theorv of telescopes, whi^h is rendered agreeable 
only by the importance of the discoverieB which 
they have Miabled us to make. 

What pleasing surprise is felt on seeing very dis- 
tant objects as distinctly as if the^ were one hundi«d 
times nearer to us, or more especially in cases where 

therei ....--» — -...t — __i:_i i_.i 

with respect 

already dieposed to a^mit, thatwith the aid of the 
tdeaenpe many wonderful things relating to the stare 
have been discovered. 



Vol. 



viewing ' 



the moon one hundred timea' nearer 




388 or TiLKBCOPn. 

titan sbe really is, many cnriouB inequalities-are dis- 
cernible i such as excessive heights sDd profound 
depths, which fiotn their regularity resemble Tather 
works of art than natural mountains. Henco a 
very plausible ar^ment is deduced to prove that 
the moon is inhabited by reaaonable cieaturea. But 
we have proofs still more sa.tiafactory in aimpir 
contemplating the almighty power, in union with 
the sovereign wisdom and goodness of the Great 
Creator. 

Thus the most important discoveries have been 
made reapectinE the planets, which', to the unassisted 
eye, appear omy as so many luminous points ; but 
which, view^ through a good telescope, referable 
the moon, and appear even still much greater. 

But you will be not a little surprised, when I 
assure you that with the assistance of the best tele- 
bcope, eyen one which magnities more than two 
hundred times, the fixed stars still appear only as 
points, nay, still smaller thanlo the naked eye. This 
IS so much the more astonishing, that it is certain 
the telescope representa them auch as they would 
appear were we two hmidred times nearer. Are we 
not hence reduced to the necessity of concluding^, 
that here telescopes fail to produce their effect * 
Bnt this idea presently vanishes, on considering that 
thev discover to us millions of little stars which, 
witnout their aid, must have for ever escapied thp 
eye. We likewise porceive the distances between 
the stars incomparably greater ; for two stars which 
to the naked eye seemed almost to touch each other, 
when viewed through the telescc^ are seen at a 
very considerable distance J a sufficient proof irf the 
effect of the telescope. 

What, then, U the reason that the fixed stars ap- 
pear to us smaller through the telesobpe than to the 
Q^ed eye ! In resolving this question, 1 remark, 
first, that the fixed stars appear gi^alef to the naked 
eye than they ought to do, and that this arises from 
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H fake light occasioaed by their twinkling. Tn fact, 
when the rays proceeding from a star come to paint 
their image at the bottom of the eye, on the retina, 
our nerves are struck bv it only in one point ; but 
by the lustre of the light tne adjacent nervea likewise 
mtdergO a coDcibaion, and prctduce the same feeling 
which vould be communicated if the image of the 
object painted on the letina were much greater. 
This happens on looking, in the night, at a very 
distant light. It appears much greater than when 
we view it at a small distance ; and this increase of 
magnitude is occasioned only by a false slare. Now, 
the more that a telescope magnifies, the more this 
accident most diminish ; not only because the rays 
are thereby rendered somewhat fainter, but because 
the real image at the bottom of Uie eye becomes 
greater; so that it ia no longer a single point which 
supports the whole impression of the rays. Accord- 
ingly, however small the stars may appear throurii 
a telescope, we may confidently affirm, that to the 
naked eye they would appear still mnch smaller but 
for this accidental false light, and that as Riany times 
as the telescope magnifies. 

Hence it follows, that aa the fixed stars appear 
only like so many points, though magnified more 
than 200 times, their distance must be inconceivable. 
It will be easy for you to form a jud^ent how this 
distance may be computed. The diameter of the 
sun appears under an ahf^le ofSS minutes: if, there- 
fore, the sun were 32 limes farther off, he would 
appear under an angle of One minute ; and, conse- 

Suently, stkll much greater than a fixed star viewed 
irough the telescope, the diameter of which does 
not exceed two seconds, or the thirtieth part of a 
minute. The sun, therefore, must be thirty times 
more, that is 660 times,' farther removed, before his 
appearance could be reduced to that of a fixed star 
ODserved with the assistance of a telescope. But 
the fixed star is 200 times farther off than the tele- 
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scope represents it; and, canseq)ieQtl7,the Bimmnat 
be 800 times 900, that is, 193,000 times farther off 
than he is, before he could be reduced to the appear- 
ance of a lixed star. It follows, that if the lixed 
stars were bodies as large as tt\e sun, their distancM 
would be 103,000 times greater than that of the mm. 
Were they still greater, their distances must be etill 
so many times i^ater; and supposing them even 
many times smaller, their distances must always be 
more than a thousand times greater than that of the 
sun. Now the distance of the sun from our globe is 
about 06,000,000 of English miles. 

It is impossible, undoubtedly, to think of this inv- 
mense distance of the fixed stars, and of the extent 
of the whole universe, without aatoniahment. Whmt 
mnst be the power of that Great Being who creat«d 
this vast fabric, and who is the absolute Master of 
it 1 Let us adore Him with the most profound wva- 

17/A April, 1763. 



aitd tttting than at a certain Eleeauon T Diffieultiei 
attending the Solulion i(f thU Phenomenon. 

Yon must have freqnently remarked, that th< moon 
at rising and setting appears much larger than whrai 
she is considerably above the horizon; and eTery 
one must give testimony to the truth of this phenom- 
enon. The same observation has been made with 
respect to the sun. This appearance haa long been 
a stumblini^-block to philosophers ; and, viewed in 
whatever liRht, difficulties almost insuperable pre- 
sent themselves. 

It would be ridiculous to conclude that the 
moon's body is really greater when she is in the 
hariion than when she has attained her frealMt 
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eleTatioti. For, beaides tbat such an idea would be 
abaurd ia ilself, it must be considered, that when- 
tbe moon appears to us in the horizon she appeara 
to other inhabitants of oitr ^obe more elevatea, and 
consequently smaller. Now, it is impossible that 
tbe same body should be at the same time greater 
and smaller. 
It would be almost equally ridiculous to attempt 



pears in the horizon than when she is arrived at a ' 
great elevation, from our ceriaii^ knowledge that a 
body appears greater in proportion as it is nearer 
us ; and you know that the more distant any object 
is, tlie smaller it appears. It is for this reason pre- 
cisely that the stars appear so extremely small, 
though tbeir real magnitude be prodi^ous. 

But howeyer plausible this idea may seem, it is 
totaUy destitute of foundation ; Tor it is undoubtedly 
certain, that the moon is at a greater distance from 
us at rising and setting, than when at a greater ele- 
vation. The demonstration follows : Fig. 300. 

Let the circte-A B D be the earth, 
and the moon at L. This being laid Fig. 900. 
down, an inhabitant at A. will see the ij 

moon in hia zenith, or the most elevated . 

point of the heavens. But another \ 

inhabitant at D, where the line D L \ 

touches the surface of the earth, will \ 

see the moon at the same lime in bis \ 

horizon : so that the moon will appear, \ 

at Ibe same instant, to the spectator A \ 

in hiszenith, andto the other spectator ^ \ 
D in hia horizon. It is evident, how- ^^ ^ 
ever, that the last distance D L ia f , \f 
greater than the first A L, and conse- ( F 

Suently the moon is more distant from V / 

lose who see her in the horizon than — r"^ 
irom those whe aee her near their 
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zenith. Hence it clearly followe, that tlie moon, 
when seen itrthe horizon, ought to appear emaUer, 
beinf thenin/act farther from ns thin when arrived 
Rt a great elevation. It is astonishing, therefore, 
that oMervation ahonld be in direct contradiction to 
this, and that the moon should appear much greater 
when viewed near the horijon than in the stuumit 
of the heavens. 

The more this phenomenon is investigated, the 

more strange it appearer«id the more wMtily of at- 

^ tention^ it beiqg undoubtedly certain that the moon, 

when most r«mot%, that is, in the horizon, ought to 

appear smaller, vrhere&s, Qevertiieless, every one is 

decidedly of opinion that ehe tlien appears consid* 

■ erably greater. This contradiction is evident, and 

even seems to overturn all the princides laid down 

, in optics, whi(^, however, are as clearly demonstr^ 

ble as any in geometry. 

I have purposely endeftvonred to set this difficulty 
in its strongeat light, in order to make yoo the mora 
sensible of the importance of the tnie solutioo. 
Without entering into a discussion of this univenal 
judgment, ronn^^tom appearances, ^^specting the 
prodigions magnitude of the moon in tlte hoiiEon, I 
shall conliue myself to the principal question: Is it 
true, in fact, that the moon, when near the horizon, 
acti»lly appears greater! 

You Xnow that we are possessed of infatUile 
means' of exactly measuriug the heavenly bodies, by 
ascertaining the number of degrees and minutee 
which they occupy in the heavens; or, which 
' measuring, JW. 901, 
e Unes E O ai^ F 0, 
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dnwn from the oi^wnle pointa of the moon to the 
eye of the speostor O ; and thia Migle E O F is what . 
we nil the apparent diameter of the moon. We ' 
have likewise instruments perfectlv adapted to the 
purpOM of exactly determinkig thia angle. Now, 
wlfen we employ tuch an inBtniment in meaBuriDg 
. the moon't dtaatetet, Rn* at her rLffing.ttnd, ifter- 
wfttd, when she has ^ined her groUeet elevation, 
we Ktnally find her diameter somewhat leas in the 
first caM than in the other, as the ine^uulity of dis- 
tawee roqwres. There cannot remain the ihadow * 
of doubt as to this ; bat, for tbtt very reason, the 
diSlcalty, instead of diminishing, gathers stretch ; 
and it will be asked with so much the more eager- 
Dese, How cornea it that the whole world a^es in , 
ima^niq^ the moon to be greater when nsing or 
setting, diough her apparent diameter is then in 
realitv smaller ! and, witat can be the reason of this 
delusion, to which men are universally subject 1 
ITie atfroaoraer, who knows perfectly well th^ the 
rvnt diameter is then smaller, falls nev- 
the same deception as the most igno- 
rant clown. 



LETTFR CXI. 

S^hetiMi* im ti» Quetlum respecting tit Maen't o^ 
parent MarmtttJe. Pngrttt tmeardt a Sohitian of 
tJu DiJkJty. Abmri EiplanatumM. 

Ym would scarcely have believed that the simple 
SMranoe of the moon involved so many difficnl- 
; bat I hop« I shall be able to clear the way 
., .. ards a aotntion, by the following reflections : — 
1 . It IB not astonishing that our judgment respect- 
ing th« nagnitnde of objects should not alwaya be 
in correspondence with lae viaual angle under which 
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we see tt : of this daily experience furnishes suffl- 
cientproof Acat.forexaraple, appears, whenveiy 
near, under h greater ang-le than an ox at the dis- 
tance of 100 paces. I could never, at the same time, 
imagine the cat to be larger than the ox : and you 
will please to'recoltect, timt our judgment respecting 
magnitude is always intimately connected with that 
of distance; so that if we commit a mistake in the 
calculation of distance, our judgment respecting 
magnitude becamea, of necessity, erroneous. 
' 9. Jn order to elucidate this more clearly, it some- 
times happens that -a fly passing suddenly Wore the 
eye, without our thinkmg of it, if our sight is fixed 
on a distant object we imagine at first that the fly is 
at a great distance ; and as it appears under a very 
considerable angle, we lake il for a moment to be a 
large fowl, wliich at the proper distance would' ap- 
pear under the same angle.. It is then incontestably 
certain, that our judgment respecting the magnitude 
of obiects is not regulated by the vieuHl angle under 
which they are seen, and that tliere is a very great 
diAerencebetweenthe apparent magnitude of objects 
and the calcvilated or computed magnitude. The 
first is regulated by the visual angle, and the other 
depends on the distance to wl\ich wc suppose the 
object to be removed. 

3. To avail myself of this remark, I further ob- 
serve, that we ought not to say that we see the 
moon greater in the horizon than at a consideraUe 
elevation. This is absolutely false, for we then see 
lier even somewhat less. But, to speak accurately, 
we ought to say that we judge and compute the 
moon greater *hen shs is in the horizon ; and this 
is literally true with the unanimous consent of all 
mankind. This is sufficient to reconcile the apparent 
contradiction formerly suggested ; for nothing pre- 
vents our judging or computing the moon to be 
greater when she rises or sets, though she la swn 
under ^ smaller VL«ual aofle. 
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4. W« are no longer, then, clll«d upon to explain 
why \ke He the moon ereater in the horizon, which 
is imposaible,- for in reality she then appears, smaller, 
u may tw dennAtetrated by measuring the visual 
angle. The difficulty, therefore, is reduced to this : 
Wherefoie do we judge or compute the moon to be 
gre&ter when in those situations ! or rather, we 
muct endeavour to account for thia whimsical com- 
putation. The thing is not surprising in itself, aa 
we knofr a thonsaiid cases in which we estimate 
otfjacts to be very great, though we see them under 
very sm^ angles. 

6. We have only to say, then, that when the 
moon is rising or setting, we eiqipoae her to be at a 
gnater distance than when she has attained a cer- 
tain elavation. Whenever this computation is set- 
tled, whatever ma^ be the cause of it, the conse- 
! ^^ that we must likewise conclude 
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■• momito be greater in proportion. For, in every 
case, the more distant we estimate any object to be, 
the greater we presume it is, and this in the same 
proportion. As soon as 1 imagine, by whatever 
uloaitMi, that a fly passingclose before my eye is at 
the diiAance of 100 paces, I am obliged, almost 
whether I will or not, to nmpose it as many times 
areotA* aa 100 paces exceed the real distance of the 
iy &om my eyes. 

0. We ere now, therefore, reduced to a new 
i|Uestion: Wherefore dd we preaunie that the moon 
is at a greater distance when she is seen in the 
hotizonl aod. Wherefore is this illusion so universal 
as not to admit of a single exception 1 For the illu- 
sion of imagining that the moon is then at a much 
greater distance ta altogether unaccountable. It is 
undoubtedly true that the moon is then really a little 
more distant, as I demonstrated in my last Letter ; 
but the difference is so trifling as to be impercepti- 
ble. Besides, the aim, though 100 timea more dis- 
tant than the moon, does not appear so, and the eye 
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estimates even the fixed stars as neatly at the same 
distance. 

7. Though, therefore, when the moon ia in the 
horizon, she is actualiy a -little Mare distant, this 
circnmstance cannot affect the present question; 
and'this universal computation, which induces tbe 
whole worid to imagine the moo'n to be then at a 
much greater distance ttkan she resiOy is, must be 
fouuded on reasons entirely different, and capable 
of producing universal illusion. For, as the com- 
putation is nnquestionablf erroneous, the reasons 
which determine us to make it mosf necessarily tx 
Tery striking. 

8. Some phUosophers have attempted to eiplstn 
this phenomenon by alleging that it is occaeion<ed 
by the intervention of various objects between us 
and the moon, such ss cities,' villages, forests, and 
monntains. This, s»y they, is the reason that she 
then appears to be much farther off; whereas, when 
she has attained a considerable elevation, as ao other 
body intervenes, she must appear to be nearer, ^t 
this explanation, however ingenious it may at first 
sight appear, is destitute of sohdity. On looking at 
the moon in the horizon through a small apettnn 
made in any body Which shall conceal the intenn*- 
diate objects, she nevertheless still seems greater. 
Besides, we do nut always imagine that objects 
between which and us many other bodies interpose 
are more distant, A great hall, for example, when 
quite empty, usually appears miich larger tnan when 
filled witn company, notwithstanding the numerous 
objects then interposed between us and the widlaof 
the apartment. 

94M AffU, 1783. 
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in Attempt towards the true ETplanatim of thu PAe. 
nomeTion, — The Moon appears more ditlml wAm m 
the Horizon than vihen at a great Eltctlion. 

Wb are still, tiieti, verv fai from the tnie boIq- 
' tion of this vniiveraal illusion, under which bU,. 
witbont exception, are induced toimagine the moon 
to be much greater when in the horizon than when 
considerably elevated. I have already remarked, 
that this phenomenon is so much the more unac- 
countable, from its being demonstraUs that the 
moon's apparent diameter is then even somewhat 
leas : we ought not, therefore, to say. that we then 
see the moon greater, but that we imagine her to 
be BO. 

Accordingly, I have very of^en observed our judg- 
ment of objects to differ very widely from vision 
itself. We do not hesitate, forexample, to conclude 
that a horse lOO paces distant is larger than a dog 
one pac0 distant, though the apparent magnitude of 
thedog is unquestionably greater; or, which Bmoants 
to the same thinsr, thotigh the image of the dog 
painted on the bottom of the eye be greater than 
that of the ho'rae.. Our judsftnent in this case is 
regulated hy taking distance into the account; and 
laying it down that the horse is much farther off 
than the dog, we conclude he is much larger. 

It IS very probable, therefore, that the same cir- 
cumatance may take place respecting the moon's 
appearance, and induce us to reckon tha moou 
greater when in the horizon than at a considerable 
elevation. In the case of the horse, our computa- 
tion of distance was founded in truth ; but here, aa 
it is absolutely erroneous, the illusion mast be siU' 
gidarly unaocotmtable, but must, at the saipo tima^ 
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have a certain foundation, as its prpratenqe is Bni- 
vereal, and cannot therefore be imputed to caprice. 
Wherein can it consist 1 This is to be the subject 
of our present inijuiry . 

t. Every one considers, the azure e^cpanse of 
heaven as a flattened arch, the summit of which is 
much nearer to us than the under par^, where it 
meets the horizon. A per8on> accordingly, stand- 
ing on a plane A B, F^. 202, jjy. 902. 
^ which extends a^ far as his 
sight, perceives 'the vaidt of 
heaven, commonly called the ^ 
firmament, under the %ure 
A £ F B, in which the distances C A and C B are 
much greater than from the /genixh t« C. . 

2. This idea is likewise beyond all question a 
mere illusion, there being in reality ho. such vault 
surrounding and enclosing us on every side. It is 
a void of immense extent, as it reaches to the most 
distant of the fixed stars— an ihterval that far ex- 
ceeds all power of imaginatiou. I use the word 
voidi to distinguish U from gross terrestrial bodies. 
For, near the earth, space is occupied by our at- 
mosphere ; and beyond, by that fluid, infinitely more 
subtile, which we call ether. 

3. Though this vault, howevejf, has no real exist- 
ence, it possesses an undoubted recQlty in bur imagi- 
nation; and all mankind, the philosopher as well as 
the clown, are subject to the same illusion. On^the 
surface of *his arch we imagine the sun, the moon, 
and all the stars to be disposed Uke so m^y bril* 
Hant studs affixed to it ; and though we have il per- 
fect conviction of the contrary, we cannot help 
giving way to the illusion. 

4. i^is being laid down, when th^ nioon is in the 
horizon, imagination attaches her to the point A or 
B of this supposed vault, and hence we conclude her 
distance to be as much greater ^ we consider the 
liAd G A or C B to be greater thaa C^; hut whsi^ 
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■he BMienda snd approaches the zenith, we imagine 
she comes nearer; and if she reaches the very 
Kenith, we think she is at the least possible distance. 
6. The iUusioQ as to distance necessarily involves 
that which respects mactiitude. As the moon at A 
appears much farther trom C than in the zenith, 
we are in a manner forced to conclude that the moon 
is really so much Greater ; and thai in the same 
proportion that the distance C A appears to exceed 
the distance C Z. All will not, perhaps, agree ift 
determining this proportion ; one will sav, the moon 
appears to him twice na great when in the horizon ; 
another will say three limes; and the generahty 
will declare for the medium between two and three ; 
but every one will iafallibly agree in asserting that 
the moon appears larger. 

6. It may be necessary here to present you wiih 
the demonatration of this proposition. The com- 
putation of magnitude is necessarily involved in ths 
computation of distance. When the moon is near 
the Horizon, we see her. Fig. SOS, under a certaia 
Mgle, say M C A, the spec- p. 
Utor being at C ; and when ^ * *"■ 
•be is at a very great eleva- 
tion, let N C D be the angle 
nnder which we see her. It 
is evident that these two an- 
gles M C A and N C D are 
nearly equal to each other, the diflerence being im- 
IMrceplible. 

7. But, in the first case, as we estimate the moon's 
distance to be much greater, or equal to the lino 
C A, with reference to the imaginary vault above 
described,' it follows, that we compute the moon's 
diameter to be equal to the line M A. But, in the 
other case, the distance of the moon C D appears 
much smaller; and consequently, as theangle N CD 
ia equal to the angle M C A, the computed magni- 

Vov. 11.— L I 
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tnde D N will be much smaller than the compoied 
magnitude A M. 

8. To put this bejrond a doubt, ymi have «»ily to 
cut off from the lines C M and C A the parts C d 
and C n, equal to the lines C D and C N i and as in 
the two triangles CJn and C D N, the angles at the 
point C are equal, the triangles themselves are Uke- 
wise so, and consequently the line D N will be eoual 
to the line d n; biit d n ie evidently smaller tiian 
A M, and that as many times as the distance G d 
and G D is less than C A. This is a clear demon- 
stration of the reason why we estimate the moon 
to be greater when in the horizon than when new 
the zenith. 

3atA April, nem. 
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Yoo will charge roe, no dotdbt, with pretending to 
explain one illusion W another equally unaccount- 
able. It may be said, that the imaginary Tsidt of 
heaven is altogether as inconceivable as the in- 
creased appearance of the moon and the other hea- 
venly bodies when in or near the horixon. Th« 
objection ie not without foundation, and therefore 
lays me under the necessity of attempting to explain 
the true reason whv the heavens appear m the form 
of an arch flattened towards the summit. The fol- 
lowing reflections may, perhaps, be received as an 
acquittance of my engagement. 

1. In order to dccount for this imaginary vault, it 
will be alleged that it proceeds from the appearance 
of the heavenly bodies, as seeming more remote 
when in the horizon than when near to or in the 
zenith. This is undoubtedly a formal petiiio priiu 
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c^ aa loariciaiis call it, or a begging of the ques- 
tion, which every one in entitled to reject a£ a 
ground of reaaoning. la trulh, having aaid above 
niat the imaginary vault of heaven makes the moon 
in the horizon appear farther off than when near 
the zenith, it would be ridiculous to affinn, that the 
thinf which leads us to imaeine the existence of 
snch a vault ia that horizontal objects appear more 
distant than vertical. 

3. It was not, however, uselesa to suggest the 
idea of this imaginary vault, though it may not 
carry us a great way forward; and after I shall 
have explained wherefore the heavenly bodies ap- 
pear more remote when viewed neai the horizon, 
yon will be enabled to comprehend, at the same time, 
the reaaon of that twofold universal illueJon, namely, 
the apparently increased magnitnde of the heavenly 
bodies when in the horizon, and the flattened arch 
of heaven. 

3. The whole, then, reverta to this, to explain 
wherefore the heavenly bodies when seen in the 
horizon appear more remote than when at a con- 
■iderable elevation. I now affirm, it is because 
these objects appear less brilliant ; and this imposes 
on me the double task of demonstrating why these 
objects display lees brilliancv when in or near the 
horizon, and of explaining nowlhis circumstance 
necessarily involves the idea of a greater distance. 
1 flatter myself I shall be enabled to dischatge both 
of these to your satisfaction. 

4. The phenomenon itself will not be called in 
question. However greater the sun's lustre may be 
at noon, which it ia then impossible to ascertain, 

Jou know that in the morning and evening, when 
e is rising or setting, it is possible to contemplate 
hU bod]r without any injury to the eye ; and the 
same thing takes place with respect to the moon 
and all the stars, whose brilliancy is greatly dirain- 
Mied in the vicinity of the horizon. We accord- 
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ingly do not see the smnller stars when at a small 
elfvation above the horizon, though they are suf- 
ficienlly discernible at a certain hei^t. 

5. This being established beyond a possibility of 
doubt, ttie cause of this difference of illumination 
remains to be investigated. It is abundantly evident 
that we can trace it only in our atmosphere, or the 
body of air which encompasses our earth, in so far 
as it is not perfectly transparent. For if it were, 
BO (hat all the rays should be transmitted througti 
it without undergoing any diminution, there could 
be no room to doubt that the stars must always 
shine with the same lustre, in whatever region of 
the heavens they might be discovered. 

6. But the air, 3 substance much less fine and 
subtile than ether, whose transparency is perfect, 
is continually loaded with heterogeneous particles, 
rising into it above the earth, sucri as vapours and 
exhalations, which destroy its transparency ; so that 
if a ray should fall in with such a particle, it would 
be intercepted, and almost extinguished by it. It is 
accordingly evident, that the more the air is loaded 
with such particles, which prevent the transmission 
of light, the more rays must bB lost by the intercep- 
tion ; and you know that a very thick mist deprives 
the air of almost all its transpttrency, to such a de- 
gree that it is frequently ijnpossible to ^stinguish 
objects at three paces' distiince. 

7. Let the pomts marked in Fig. 304 represent 

Fig. 204. 



neb particles scattered through the air, whose 
number is greater or leas, according as the air is 
more or less transparent. It is evident, that muf 
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sf the rays which pervade that apace nmat be lost, 
and that the loss muat be greater in proportion as 
the apace which they had to run through that air 
is greater. We see, (hen, that dietani objects be- 
come iDTisible ID a Tog, while such aa are very near 
the eye may be still perceptible, because the rays 
of the first meet in their procrees a greater number 
of particles which obstruct their tranamiasion. 

8. We must hence conclude, that the longer the 
tpMt is through which the rays of the heavenly 
' bodies have to pass through the atmosphere in order 
to reach our eyes, the more considerable must be 
their loss or diminution. Of this you can no longer 
entertain any doubt. All that remaina, then, is 
simply to demonstrate, that the rays of the Atars 
which we see in or near our horizon have a longer 
space ofthe atmosphere to pervade than when nearer . 
the zenith. When this is done, you will easily 
comprehend why the heavenly bodies appear much 
less Drilllaat when near the horizon than at the time 
of lising and aetting. This shall be the subject of 
tny neit Letter. 
Ul May, 1763. 
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LETTER CXIV. 

for the Fmninet* of the light of Ot* 
leavady Bodiei in the Horizon. 

What I have just advanced, namely, that the rays 
of the heavenly bodiee, when in the horizon, have a 
luger portion of our atmosphere to pervade, may 
appear somewhat paradoxical, considering that the 
Kmosphere universally extends to the sanfe height, 
■0 that at whatever point the star may be, its rays 
must always penetrate through the whole of that 
beiidit before it can xeach our eyes. The followinz 
^^ LIS 
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reflections, 1 flatter myself, will give yon completa 
Batisfacllon on the sutgect. 

I. It is first of all necessary to fonn a iUHt ides 
of the atmosphere which surrounds our globe. Fw 
this purpose 'the interior circle 
A B C D, Fig. 205, shall represent p^, 305. 
the earth, and ihe exterior dotted „ 



cirtfle abed shall mark the height 
of the atmosphere. Lei it be re- 
marked, that universally in propor- i 
tton as the air risea above the sur- 
'^-^ face of the earth it becomes always 
more transparent and subtile, ho 
that.at last it is imperceptibly lost 
in the ether which fills the whole expanae of heaven. 

2. The ^sser air, that which is most loaded with 
' the particles that intercept and extinguish the rays 

of light, is universally found in the lower regions, 
near the surface of the earth. It becomes, there- 
fore, more subtile as we ascend, and less obsiniclive 
of the light ; and at the height of 5 English miles 
baa become so transparent as to occasion no per- 
ceptible obstruction whatever of the light. The 
distance, then, between the interior circle and the 
exterior, may be fixed at 5 English miles nearly, 
whereas the semi-diameter of the globe contains 
ibout 3982 of such miles; so that the height of the 
atmosphere is a very small matter compared with 
the magnitude of the globe. 

3. Let us now con- 
sider. Fig. 808, a spec- 
tator at A, on the surface 
of the earth ; and draw- 
ing fron^ the centre of 
the globe G, through A, 
the line G Z, it wHl be 
directed towards the ze- 
nith of the spectator. 
The line A B, which ia 
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perpendicoUr, and touchM the -earth, trill be hoti- 
zontal to it. Consequenllj, he will Me a star at Z 
in his zenith, or in the Bummitofthe heavens; but a 
star Bt S will appear to him in tha horixon at its 
ming or setting. Each of these stars may be con^ 
sidered aq infinitely distant from the earth, though it 
waa impossible to represent this in the figuce: 

4. Now you ha*e only to cast your eye once mAra 
TO the figure,.to be satisfied that the rays proceeding 
from S have a much longer space to travel tbrougD 
the atmosphere than those from the star Z, before 
they reach the spectator at A. Those from the 
star Z have only to pass through the perpendicular 
height of the atmosphere a A, which ia not aboV^ 5 
English miles, whereas those that comci from the 
8tar S have to travel the whole space A A, which is 
evidently much longer; and coiAi'tho figure be 
represented mow conformably to the fact, so as to 
exnibit the radiua G A 39S9 tiroes longer than the 
he^l A a, we ahould find the distance A A to exceed 
40 such miles. 

6. It is further of importance to remark, that the 
nyn of the star Z have but a very small space to 
travel through the lower region of the atmosphere, 
which is most loaded with vapour; whereas the rays 
of the star S have a much longer course to perform 
through that region, and are obliged to graze, if I may 
like the expression, along the surface of Uie earth. 
The conclusion, then, is obvious. The rays of the 
star Z undergo scarcely any diratnution' of lustre, 
but those of the star S must be almost extinguished, 
(him BO long a passage through the grosser air. 

6. It is indisputably certain, then, that tho stars 
which we see in the horizon must appear with a 



without any inconvenience, fix rour eyes steadily 
on the rising or setting sun ; wnereaa, at noon, or 
at a considerable elevation, his lustre u insupport- 




abl«. This is the first point I undertook to demoD- 
Btrate ; I proceed to the second, namely, U> prov« 
tta^ it is the diminution of light which forcea V9 
tlmost to imagine the heaveiJjr bodies at a much 
eater distance than when we sae them in all tbeir 
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nutre. 



7. The reason must be sought in terrestrial bodies, 
with which we are every day conrersant, and re- 
specting whose distance we form a judgment. But 
for the same reason that rays of light in passing 
through the air undergo some diminution of lustre, 
it is evident that the farther an object is remored 
from us, the .more of its lustre it loses, and the more 
obscure it becomes in proportion. Thus, a very dis- 
tant mountain appears quite dark ; but on a nearer 
approach we can easily discover trees on it, and 
other minuter objects, which it was impossible to 
distinguish at a very remote distaace. 

6. This observaiiOD, so general, and which never 
misleads us in contemplating terrestrial bodies, haa 
produced in us from our childhood this fundamental 
principle, from which we conclude objects to be 
distant in proportion as the rays of light which they 
emit are weakened. It'is in virtue of this principle, 
therefore, that we conclude the moon to be farther 
off at rising gnd setting than at a considerable eleva- 
tion ; and for the same reason we conclude she is 
so much greater. You will, 1 flatter myself, admit 
this reasoning to be solid, and this embanaasing phe- 
Domenon to oe as clearly elucidated as the nature 
of the subject permits. 

Vk JWay, 1769. 
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LETTER CXV. 

IHuiion reMpeetins^ the Diatanet «f Ohfeet$, <Ktd tA« 
i}>nupiutt(»i of I/iuln. 

Tbc priiici[deof our itnacinatioDiby whicfal have 
endeavoured to explain the phenomenon of the 
moon's greater apparent mst^itude in the horizon 
than at a conaiderable elevation, is ao deeply rooted 
in oor nature aa to become Ibe source of a thousand 
eimUar iUuaion8,M>meof which Ivill take Uielibertj 
to suggest. 

We have been habituated from infancy, almost 
involuntarily, to imagine objecta to be distant in 
proportion as their lustre is diminiahed ; and, on the 
other hand, very brilliant objects appear to be nearer 
than they really are. Thia illuaion can proceed only 
fi^m an ill-regulated imagination, which very fre- 
quently misleiidB us. It is neverthelesB ao natural 
and so universal that no one ia capable of guarding 
E^Qst it, though tbe error, in many cases, is ex- 
tremely palpdile, as I have shown in the instance 
of the moon ; but we are equally deceived in a va- 
riety of other instances, as 1 ahall presently mako 

1. It is a well-known illuaion that the flame of a 
conflagration in tbe night appears much nearer than 
it really is. The reason is obvious ; the fire biases 
in all its lustre; and in conformity to a principle pre- 
established iu the imagination, we always conclude 
it to be nearer than it is in reality. 

9. For the same reason a great hall, the walls of 
which are perfectly white, always appears smaller. 
White, you know, is the moat brilliant colour : henCfl 
we conclude the walls of such an apartment to be too 
near ; and consequently the ^iparent magnitude u 
ttnreby diminiatied. 
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3. Bat in an apartment hnng^th Uack, as is the 
custom in monrniags, we perceive the directly 
opposite effect. The apartment now appears con- 
siderably more spacious than it really is. Black 
is undeniably the most gloomy of colours, for it 
reflects scarcely any light on the eye ; hence the 
walls of an apartment in deep moummg seem more 
distant than they are, and consequently greater; but 
let the black hangings be removed and tiie white 
colour reappear, and the apartment will seem con-' 
tracted. 

4. No class of men avail themselves more of this 
natural and universal illusion than painters. . The 
same picture, you know, represents some objects as 
at a gfreat distance, and others as very near ; and 
here the skiU of the artist is most conspicuous. It 
is not a little surprising, that though we know to 
absolute certainty all the representations of a pic- 
ture to be expressed on the same surface, and <x>i»- 
aequentlv at nearly the same distance from the eye, 
we should be, nevertheless, undlsr the power of iUo- 
sion, and imagine some to be ^uite near, and others 
extremely distant. This illusion is commonly as- 
cribed to a dexterous management of light and snade, 
which undoubtedly furnish the painter with endless 
resources. But you have only to look at a picture 
to be sensible that the objects intended to be thrown 
to a great distance are but faintly and even indis- 
tindfy expressed. Thus, when the eye is directed 
to very remote objects, we easily perceive, for ex- 
amine, Uiat they are men ; but it is impossible to 
distinguish the parts, such as the eyes, the nose, the 
mouth; and it is in conformity to this appearance 
that the painter represents objects. But those which 
he intends should appear close to us he displays in 
all the brightness of colouring, and is at pains clearly 
te express each minute particular. If they are per- 
sons, we can distinguish the smallest lineaments of 
the face, the folds of the drapery, &c. : this part 
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of the repreaentation s««ro8, 1 may aay, to rise otrt 
of the canraas, while other paits appear to sink and 

ft. On this illusion, therefore, the whole art of 
painting entirely rests. Were we accustomed to 
fOTm our judgrnent in strict conformity to truth, thia 
art would make no more impression on us than if 
we were blind. To no purptwe would the painter 
call forth all his powers of genius, and employ the 
happiest arrangement of colours ; we should coldly 
affirm, on that piece of canvass there is a red spot, 
here a blue one ; there a black stroke, here some 
whitish lines ; every thing is on the same plane sur- 
^e; there is no rising nor sinking: therefore no 
real object can be represented in this manner: the 
whole would in this case be considered as a scrawl- 
ing on paper.and we should perhaps fatigue ourseUee 
to no purpose in attempting to decipher the meaning 
of all these different coloured spots. Would not B 
insn in such a state of perfection be an object of 
much compassion, thus deprived of the pleasure 
resulting from the productions of an art at once ao 
amosing and so instructive! 

m May, 1769. 
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On tht Axvre Colour of tie Betvent. 

Yotr are now enabled to comprehend the reason 
why the sun and moon appear much greater when 
in the horizon than at a considerable elevation. It 
consists in this, that we then unintentionally coBi- 
pute these bodies to be at a greater distance, a com- 
putation founded on the very considerable diminution 
which Iheir lustre in that position undergoes, from 
the longer passage which the rays have to force 
through the lower region of the atnwaptiere, which 




408 ON THE AZVRB COLOUR 

is the most loaded with vaponrs and exhalatknn, 
whereby the transparency is diminished. This is a 
brief recapitulation of the reflections which I Imre 
taken the liberty to sa^^st on this subject. 

This quality of the air, which diminishes transpa- 
rency, might at first sight be considered as a defect. 
But on attending to consequences, we shall find it so 
far from being such, that we ought, on the contrary, 
to acknowledge in it the infinite wisdom and good- 
ness of the Creator. To this impurity of the air 
we are indebted for that wonderful and ravishing 
spectacle which the azure of the heavens presents 
to the eye ; for the opaque particles' which obstruct 
the rays of light are illuminated by them, and af^r- 
ward retransmit their own proper rays, produced in 
their surface by a violent agitation, as is the case in 
all opaque bodies. Now, it is the number of vibra- 
tions communicated to them which represents to ns 
this magnificent azure ; a circumstance which well 
deserves to be completely unfolded. 

1. I observe, first, that these particles are ex- 
tremely minute and considerably distant from each 
other, besides their being delicately fine and almost 
wholly transparent. Hence it comes to pass, that 
each separately is absolutely imperceptible, so that 
we can be affected by them only when a very great 
number transmit their rays at once to the eye, and 
nearly in the same direction. The rays of several 
must therefore be collected, in order to excite a sen- 
sation. 

9. Hence it clearly follows, that such of these 
particles as are near to us escape our senses, for they 
must be considered as points dispersed thfough the 
mass of air. 

But such as are very distant from the eye, as, 
Fi^, 207, the points a be, col- „. -^« 

lect in the eye O, almost ac- ^*^* •^"'* 

cording to the same direction, o- 
their several nrvs, which thns 
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became rafficiently Btrong to affect the sight, espe- 
cially wlien it is considered that similar particles 
DKwe remote, t f g A, as wetl as others more near, 
concur in producing this effect. 

3. "Hie azure colour which we see in the heaTens 
when serene ia nothing ebe, then, but the result of 
■11 these particles dispersed through the atmosphere, 

Xcially of such as are very remote : it may be 
ned, therefore, that they are in their nature blue, 
but a blue extremely clear, which does not become 
sufficiently deep and perceptible, except when they 



4, Art has the power of producing a similar effect. 
If, on dissolving a small quantity of indigo in a great 
quantity ofwater, you let that waterfall drop by drop, 
you will not perceive in the separate drops the 
■lif^htest appearance of colour; and on pouring some 
of it into a small goblet, you will perceive only a 
faint bluish colour. But if you hll a large vessel 
with the same water, and view it at a dietance, you 
will perceive a very deep blue. The same experi- 
ment may be made with other colours. Burgundy 
wine, in very small quantities, appears only to be 
faintly reddish ; hut in a targe flask completely filled, 
the wine appears of a deep red. 

6. Water, in a large and deep vessel, presents 
something like colour ; but in a small quantity is 
altogether clear and limpid. This colour is com- 
moxdy more or less of a greenish cast, which may 
warrant us in saying that the minute particles of 
water are likewise so, but of a colour so delicately 
fine that a great mass of it must be collected before 
the colour can be perceptible, because the rays of a, 
multitude of particles then concur towards producing 
this effect 

6. As it appears probable, ftom this crfwervation, 
that the minute particles of water are greenish, it 
miffat be maintained, that the reason why the eea. 

Vol. II.— M m 
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or the water of a lake or a pool, appears green* is the 
Tery same that gives the heavens the appearance of 
azure, r For it is more probable that all the particles 
of the air should have a faintly bluish cast, bat so 
very faint as to be imperceptible till presented in a 
prodigious mass, such as the whole extent of the - 
atmosphere, than that this colour is to be ascribed 
to vapours floating in the air, but which do not ap- 
pertam to it. 

7. In fact, the purer the air is, and the more purged 
from exhalation, the brighter is the lustre of heaven's 
azure ; which is a su&cient proof that we must 
look for the reason of it in the nature of the proper 
particles of the air. Extraneous substances min- 
gling with it, such as exhalations, become, on the 
contrary, injurious to that beautiful azure, and serve 
to diminish its lustre. When the air is overloaded 
with such vapours, they produce fogs near the sur- 
face, and entirely conceal from us the azure appear- 
ance ; when they are more elevated, as is frequentlj 
the case, they form clouds, which frequently cover 
the whole face of the sky, and present a very dif- 
ferent colour from that of this azure of the pure air. 
This, then, is a new <]uality of air, different from 
those formerly explaued — subtil^, fluidity, and 
elasticity ; namelv, the minute particles of air are ia 
their nature bluish. 

nth May, 1763. 
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What the Appeatance would he were the Air fetfeeAfi 

(rofurpafvn/. 

Indbpendettt of the beautiful spectacle of the aiore 
heavens procured for us by this colour of the cir- 
cumambient air, we should be miserable in the 
extreme were it perfectly transparent, and divested 
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•of thoM bluiah particlei ; and we h8Te here a new 
teuon for adoring the infinite wisdom and gsedneM 
■of the CmtiToR. 

That you may haTe full conviction of the truth of 
my SMerlion, let us suppose the air to be quite trans- 
psrent, and similar to the ether, which, we know, 
transmits all the rays of the ataia, without inter- 
-cepting H) much as one, and contains no particles 
tbemeelreB iUiuninated by rays, for such a particle 
could not be so without intercepting some of the 
rays which fell upon it. If the air were in this state, 
the rays of the sun would pasa freely Uirough it, 
without the retranHmission of any U^t to the eye : 
we ehonld receive, then, those nya only which came 
to UB immediately from the aun. The whole heaveuB, 
except the spot occupied by the sun, wonld appear, 
therefore, comj^etely dark ; and instead of this bril- 
litat blue, we should discover nothing on looking 
upward but the deepest black and the most profound 
■nght. Pig. 90S. 

Fig. 908 represents the sou — 
E F, and the point is the eye 
of a spectator, which would re- 
ceive from above no other rays 
but those of the sun, so that 
all illumination would be lim- 
ited to the space of the small an^e EOF. On di- 
recting the eye towards any other quarter of the 
heavena, say towaids M, not a single ray would be 
emitted from it, and the appearance would be the 
same as if we looked into total darkness ; now every 
place which transmits no ray of light is black. But 
here the stars must be ezc^ited, which are spread 
over the whole face of the heavens J for ondirecting 
the eye towards M, nothing need prevent the rays of 
the stars which maybe in that quarter from entering 
into it ; nay, tiiey would have even still more force, 
as they could suffer no dinuuution of lustre from the 
Rtmo^berei such aa I am now supposing it AUUw 
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stars, therefore, would be visible ^ noon-day, as in 
the daritest ni^ht ; but it most be considered that thia 
whole ray would be reduced to the space of the Uttl« 
an^e B O F j all the rest of the heaveos would be 
bUck u uight. 

At the same time, stars near the sun would l^ 
invisible ; and we should not be iible to see, far ez- 
ampde, the stsr N, for on looking to it the eye would 
likewise receive the rays of the aun, with which it 
must be struck so forcibly that the feeble light of the 
star could not excite any sensation. I say nothing 
of the impossibility of keeping the e^e open in at- 
tempting' to look towards N. This is too obviona 
not to be understood. 

But on opposing to the sun an opaque body, which 
Bhall intercept his rays, you could not fail to see the 
star N, however near it m^^t be to the sub. It ia 
easy to comprehend in what a dismal state we should 
then be. This proximity of lustre insupportabla 
and darkness the most profound must destroy the 
organsof vision, and quicKly reduce UB to total blind- 
ness. Of this some jud^ent may be formed from 
the inconvenience we feel on passing suddenly from 
darkness into light. 

Now this dreadful inconvenience is completely 
remedied by the nature of the air, from ila contain- 
ing particles opaque to a very smcdl degree, and au»- 
ceptible of illumination. Accordingly, the moment 
the sun is above the horizon, nay, somewhat earlieri 
tiie whole atmosphere becomes iUumioated with 
his rays, and we are presented with that beantiAil 
azure wluch I have described, so that our eyes, which- 
ever way directed, receive a great quantity of rays 
generated in the same particles. Thus, on looking 
towards M, Fig. 308, p. 411, we perceive a great de- 
gree of light [voduced by this brilliant azore of the 

This very illumination of the atmoaphere preventa 
Auraeeing the stars by day: the reason of tbiafaob- 
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Tiou. Itforezceedslhatofthestiu^andtbegreater 
light always makes the leiser to digappear ; and the 
nerres of the retina at the bottom of the eye, beimt 
alreadv struck by a very Htrong li^t, are no lon^r 
aensible to the unpreaaion made by the feebler Ugbt' 
of the Stan. 



thaa that of the aim ; and this will c 
that the light proceeding fTom the stars is a m'ere 
nothing in comparison with the li^ht of the b)U1- 
But the illumination of the heavens in the day-time, 
even Uioogh the smi should be overcloudea, is so 
great as many thousand times to exceed the Ught of 
the full moon. 

You must have fre(]iiently perceived that in the 
night when the moon is full, the stars appear much 
less brilliant, and that those only of supenor magni- 
tude are visible, especially in the moon's vicinity ; a 
sufficient proof that the stronger light always absorbs 
the feebler. 

It is then an unspeak^le benefit, that our atmo- 
fl|)here begins to be illuminated by the sun even . 
before he rises, as we are thereby prepared to bear 
the vivacity of his rays, which would otherwise be 
insuHiortable, that is, if the transition frOm night to 
day were instantaneous. The seaaon during which 
the atmosphere is gradunlly illuminated before sun- 
rising, ana continues lo be illuminated after he aets, 
is denominated twihght. This subject, from its im- 
portance, merits a particular explanation, which I 
projMse to attempt ia mv next Letter ; and thusona 
article in physics nat'irally runs into another. 

I6tk May, 1763. 
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LETTER CXVIII. 

JtefifaOion Iff Says of Light m the Abmupkera, md 
. lUEffKU. 0/tlu!Tu>Uif(/U. OftAtappTttUrumg 
and MtUing of the Hemnliy SodUt. 

IiT^Rler to explain the cause of -the" twilight, or 
that illuminBtion of the heavena irhich precedes 
the«rising of the nin, and continues some time alter 
he is set, I must refer yon to what haa been alreadjr 
demomtmted respecting the horizOD and the atmo- 
aphere. 

Let the circle A B D, Fig. SOB, represent the 
earth, and the dotted circle .f^g^ gog_ 

a o b dthe atmeephere ; let | - - ' 

a point O be assumed on the 
surface of the earth, through 
which draw the straight line 
H K I, touching the earth 
at 0, and this hne H I will 
represent the horizon, which 
separates that part of the 
heavens which is visible to us from that which ia 
not. As soon as the sun has reached this line, he 
Spears in the horizon, both at rising and setting, 
and the whole atmosphere is then completely iUa* 
minattd. But let us eu[^Be the aun berore hii 
risinz to he atill under the horizontal line at S ; from 
which the ray 8 T R, grazing the earth at T, ma; 
reach the point of the atmosphere situated In our 
horizon i the opaque particles which are there will 
already be illuroinatedby that ray, and conseqilently 
have become visible. Accordingly, some time be- 
fore the risin? of itae sun, the atmosphere hoR over 
our horizon begins to be illuminated at R; and ia 
proportion as the bud approaches the horixon s 




^ 



■■nuOTION OY LIABT. 415 

greater part of it will be illuminated, till it bccomea 
tt len^h completely luminous. 

This reflection leada me forward to another phe- 
nomenon eqpall^ interesting', end very intimately 
connected with it, namely, that the atmosphere dis- 
corera to ub the body of the sun and of the other 
•tars some time before they get above Hie horizon, 
snd -aome time after th^Y Mve fallen below, t^ - 
meaaa of the refyectioirwnich rays of light underRa 
-OB passing from the pure ether into the grosser au 
which conatitutes our atmosphere ; of this I proceed , 
to give you the demonstralion. 

1. Rays of light do not continue to proceed for- 
'ward in a straight lin^ any longer than they move 
trough a transparent medium of the same nature. 
As soon aa they pass from one medium to another, 
ihey are diverted from their recliliitear direction— 
Iheirpathia, as it were, broken off; and this iswhat 
•we call refraction, which 1 formerly explained at 
-considerable length, and demonstrated that rays, on 
paseiiig from air into glass, and reciprocally, are 
thus brohen or reftvled. 

8. Now air beine a diflferent medium from ether, ,■ 
when a ray of light passes from ether into air it 
must of necessity undergo some refraction, 

Thtts, the arch of the circle A M B, f\g. 210, ter- 
minating ourtfpperatmoaphere, If a iv- niA 
rayofIigfatHSHtomtheether,ralls ^' 

upon it at H, it will not proceed 
straight forward in the same direc- 
tion M N, but will assume, on en- 
tering into the air, the direction 
M R,Bomewhat different from H N ; ^i 
and the angle N M R is denomi- 
nated the angle of refraction, or sini[4y the refhic- 
tion. 

3. I have already remarked, that the refraction is 
greater in proportion as the ray 8 M falls more ob- 
£quety on the surface of the atmosphere, or u tho 
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angle B M S is smaller or more acate. For if the^ 
ray S M falls perpendicularly on the surface of the. 
atmosphere, that is, if the anffle B M S is a right 
iingle, no retraction will take ^ace, but the ray will 
pursue its progress in the same straight line. This 
rule is universally applicable to every kind of refrac- 
tion, whatever may be the nature of the two media 
.through which the rays trayel. 

4. Let the arch of the circle A B, Fig. Sll, 

Fig. 211. 




represent the snrface of the earth, and the arch 
E M F terminate the atmosphere. If you draw at 
O the line O M V, touching tne surface of the earth 
at O, it will be horizontal. And if the sun is still 
under the horizon at S, so as to be still invisible 
(for no one of his rajrs can yet reach us in a straight 
line), the ray S M being continued in a straight hne 
would pass over us to N ; but as ii fkUs on the at- 
mosphere at M, and in a very oblique direction, the 
angle F M S being very acute, it wiU thoace undergo 
a very t;onsiderable refraction ; and instead of pro- 
ceeding forward to N, would assume the direction 
M O, so that the sun would be actually visible to a 
person at 0, though still considerably below Uie 
horizon at S ; or, which is the isame thing, below the 
horizontal line M V. 

5. However, as the ray M O, which meets the 
eye, is horizontal, we assign that direction to the 
sun himself, and imagine him to be actually at V, 
that is, in the horimni though he is still below it» 
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And, reciprocBlljr, as oftea as we m« the ran, or 
any star, in the horizon, we are aspired they are 
Btifl below it, according to the angle S M V, which 
Mtronomers have observed to be about half a degree, 
or, more exactly, 39 minutes. 

6. In the momiag, then, we see the min before he 
baa reached our horizon, that is, while he is yet an 
angle of 33 minulea below it; and in the evening a 
considerable time after be is really set, as we see 
him till he has descended an angle of 33 minutes. 
We call that the true rising and setting of the sun 
when he is actually in the horizon ; and the com- 
mencement of his appearance in the morning and 
disappearing at night we denominate thj9 apparent 
rising and setting. 

7. This refraction of the atmosphere, which ren- 
ders the apparent rising and setting of the sun both 
earlier and later than the real, procures for us the 
benefit of a much longer day than we should enjoT 
did not the atmosphere produce this eOect. Suclt 
is the explanation of a very important phenomenon 
in nature. 

18th May, 1763. 



LETTER CXIX. 

The Start appear at a greater Eleoation than they art. 
Taile of Refractiotis. 

Yov have now, no doubt, a clear idea of this sin- 
gular effect of our atmosphere, by which the sun 
and the other heavenly bodies are rendered visible 
in the horizon, though considerably below it, 
whereas they would be invisible but for the refrac- 
tion. For the same reason the sun, and all the 
heavenly bodies always appear at a greater eleva- 
tion above the horizon than they reaUjr are. It ia 
necessary, therefore, carefully to distinguish the 
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apparent eleration or a star from what it would ba 
were there no atmoaphere. I ahall endea*our to 
set tbia in the clearest light poaatble. 

1. Let the arch A B, Fig. 313, be part of Om 
Fig.2ia. 




surface of the earth, and the spot where we tn, 
through which draw the straight line H O R, toach- 
ing the surface, and this line H R will represent 
the true horizon. From let there be drawn per- 
pendicularly the straight line Z, which is the same 
thing as suspending a given weight by a cord. This 
line is said to be vertical, and the point Z of the 
heavens, in which it terminates, is called the zenith. 
This line, Z, then, is perpendicular to the horizon- 
tal line H O R, so that one being Icnown, the other 
mnst be known tikewiae. 

a. This being laid down, let there be a star at S. 
Fig. 913: were there no atmo- 
sphere, the ray 8 M would 
proceed in a straight line to the 
eye at 0, and we should see it 
in the same direction O M S, B-. 
where it would actually be — 
that is, we should see it in its 
tniB pUcB. Let us then mea- 
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anre the an^e S R, foimed t^ th? ray 8 O with 
the horizon R, and thia angle la named the height 
of the star, or its elevation ^ve the horizon. We 
measure also the angle S O Z, formed l^ the ray S 
with the vertical line Z termiaating in the zenith : 
and as the angle Z K is a right angle, or SO de- 
crees, we have only to subtract the angle S O Z 
from 00 degrees to have the angle 8 O R, which 
gives the true elevation of the star. 

3. But let us now attend to the atmosphere, which 
I suppose terminated by the arch H D N M R, 
Fig. 919, p. 418, and 1 remark, lirBt, that the pre- 
ceding ray S M of the star 8, on entering into M in 
the atmosphere, does not proceed directly forward 
to the eye at O, but, from the refraction, will assume 
another direction, as M P, and consequently wiU not 
meet the eye at O : so that if this star sent down 
to the earth onlv that ray S M, to a person at 
O it would be aWlutely invisible. But it must 
be considered that evera luminous point emits its 
raysinall directions, and that all space is filled with 
them. 

4. There will be, then, amons others, some ray, 
as S N, which is broken or refracted on entering 
the atmosphere at N ; so that its continuation N O 



ray S M; and if N O be produced forward to «« the 
c<N)tinuation N i will form an angle with the ray 
N S, namely, the angle S N #, which is what we 
call the refraction, and which is greater in propor- 
tion as the angle S N R, under which the ray S N 
enters into the atmosphere, is more acute, as was 
demonstrated in the preceding Letter. 

S. It is the ray N 0, consequently, which paints in 
the eye the image of the star S, and which renders 
it visible : and as this ray comes in the direction 
N O, as if the star were m it, we imagine the star 
likewiH to be situated in the direction N O, or in 
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that line continued somewhere at i. Hiis point m 
being different from the real place of the star 8, 
we call I the apparent place of the star, which 
must be carefully distinguished from its place S, 
where the star would be seen were there iio atmo- 
sphere. 

6. Since, then, the star is seen by the ray N O^ 
the angle NOR, which this ray N makes with 
the horizon, is the apparent altitude of the star ; and 
when by a proper instrument we measure thean^le 
N O R, we are said to have found the apparent lati- 
tude of the star ; the real altitude being, as we have 
shown, the an^le R O S. 

7. Hence it is evident, that the apparent altitude 
R O N is greater than the real altitude R M, so tiiat 
the stars appear to us at a greater elevation above 
the horizon than they reklly are ; for the same rea« 
son they appear already in the horizon while they 
are still below it. Now, the excess of the apparent 
altitude above the true is the angle M N, which 
does not differ from the angle S N j, and which we 
call the refraction. For, though the angle S N «, a» 
being the external angle to the triangle S N 0, i» 
equ£U to the two internal and opposite angles taken 
together, namely, SON and N S O, we may con- 
aider, on account of the immense distance of the 
stars, the lines S and N S as parallel, and conse- 
quently the angle O S N vanishes; so that the 
angle S O N is nearly equal to the angle of refrac- 
tion S N I. 

8. Having found, then, the apparent altitude of a 
star, you must subtract from it the refraction, in 
order to have the real altitude, which there is na 
other method of discovering. For this purpose, 
astronomers have been at much pains to ascertain 
the refraction to be subtracted from each apparent 
dtitude, that is, to determine how much must be 
deducted in order to reduce the s^^arent to the real 
altitnde. 
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9. From a long eeriea of observations, tlie7 bsro 
been at length enabled to construct a table, called 
the table of refraction, in which is marked for every 
apparent altitude the refraction or angle to be sub- 
tracted. Thus, when the apparent altitude is no- 
thing, that is, when the star appears in the horizon, 
the refraction is 33 minutes ; the star is accordingly 
an angle of actually 33 minutes below the horizon. 
But if the star has acquired any degree of elevation, 
be it ever so inconsiderable, the refraction becomes 
much less. At the altitude of 15 degreea it is no 
more than four minutes ; at the altitude of 40 do- 
nees it is only one minute; and as the aliitude 
mcreasea, the refraction always becomes less, till bI 
length it entirely diaappears at the altitude of SO 

10. This is the case when a star is seen in the 
very zenith ; for its elevation is then 90 degrees, and 
the real and apparent altitude is the same : and we 
are fully assured that a star seen in the zenith is 
actually there, and that the refraction of the atmo- 
sphere does not change ita place, as at every other 
degree of altitude. 



GLOSSARY 

FOREIGN AND SCIENTIFIC TERMS. 

A. 

AiiauTTOR. In utnwniT, ui ■ppuwtt raatln Id Dm illwHil tedtK 

^MrMini. In in«ulirilu,lli*l<>l>*i>'><><>o<'ll>*<Dl»d vliMi siim«a 
■■Hnl Mo wliluni ituoikm <•> 'M pwUcnlin of wblcb li li mad* 
V. Thai, nu.lne. ■» aMrna Mco, ud nii]r be pamad wlih- 
«i dtwodliw n UT oM IndlTldiBl pum « pUni isnindMl to Um 
ftMnlHnn. A«ariliiflT,iUaiiillilM,«iicbMwiiii«iHH,enwily, 
(vHugMIT.inoMracf Hiu. Iwln. 

Janri< In niule. Dm ana Mth >wi»r4, Iba nlukn tl nre aoODte 
wUch an alwara afiaaabla to Itw aar. wbeUMn amillad al oua or 

AHmmalK GfUm, In optic*, an Ilnaa which brlDf dlffBaad rayi oT 
tllluloa AKoa, and Ibrni an Imatvfrflfl rhmi an; unnalunl aalaVp 
"na wonl la of OmX eiliacljnn. and aliniAaa coiovttu^ 

AfTHtatioTL, Elie art af aacaDcUnf Into iba aEnigaptian br mania tt a 
bBllcnn lUlad wiUk air or laa Uf biar than tbal f' '*" -'-~^-h-.- 

ijtrnalnt pnpctitUrA,\Q Loffte, a pnpoaltlon wbleb a^ialoaaf 

Jiriwnp, a macbina On maUn| aipariatiola on air, ahlalTbr ax 

Jl(e»ra. UH Kicnn of QulTiraa! aiillmalle ; Uw fanarat pna 



mT, Iha half bl of ■ baanolj tadr absra Ite tettaB. 



424 GLOSSARY. 

jliMZofMtf, htTlfif rsMinblaiice or •crwrotnt Grade 

Analytitf raaolutUm imo flret prindplea, wbatlMT in giiaumi, lofie, 
mthematics, or chymltiry. In frammur, no OMolytit ofa feantanoo 
ia an Indication of tiM rarkma parta of apcech of which it la com- 
poaed, and th« grammatifial rulea aocording to which ther ara ar- 
ranfed. A ckymieal ^nalfftis la tha dacwhpeaitioo ofa body for tha 
parpoae of aaoertaininff ita elementary or eonatiloent parta. Greek. 

AtuUkema. and ita oomponnda, aomethinf aet apart to a aacrod nae;— 
generally need in an angredooa aenae; deroted to doatmetioo, ••• 
cnraed. Greek. 

Anatomf, the aeienca which treota of the atmetara of tba body, and 
the art of diaaectlng and reaaoninf upon it. Greek. 

jMfie, the opening of two linea which meat in a point, ao aa not to ftvm 
of both one atraight line. Latin. 

jMtt^edent^ in logic, the fbrmer of two propoaitiona in a apedaa of raa- 
aonint , which, without the intervention of any middle prapoaitioD, 
leada directly to a (kir eonctoaion ; and thia cooelaaion in termed tha 
Comuquent, Thua— 1 reflect ; therefore I exlat. ** I reflect** ia. ttia 
antectdentf ** thereAire I eziat" ia the emueqtunt. Latin. 

A.ntipode$t the inhabitanta of the globe diametrically oppoaila to «, and 
whoae Aet point exactly to our feet. Greek. 

Aperture opening. Latin. 

Approximation^ a coming nearer to. In aatrono my , the gradoil ap> 
proach of two celeaiial bodiea towarda each other. In arithmetiep 
a nearer approach to a number or root aonght, wtthoat the poail- 
bility of arriving at it exactly. Latin. 

Aqueduct^ that which eonreya or condncta water. A pipe, a caaaL 
Latin. 

Aqueous, watery, eonalating of water. Latin. 

Arithmetic, the acience of numbera. Greek. 

Aetronomy, the acience t>f the heavenly bodiea. Gre^. 

Astrology, the p/eiended acience of pradktinf ftiture omta by : 
of the planeta. Greek. 

Atmosphere^ the body of air which ■tirronnda' the globe on all 
(.Greek. 

AMis^ tn geography, an Imaghiary atraight line paaaing diroagh the 
centre of the earth (Vom pole to pole, roond whieh tba i^oba ravotfia 
onee every twenty-lbnr houra. Latin. 

B. 

MarometeTf an inatnunent of glaaa fllled with mercury, which iadleataa 
the preaaure of the air, and whieh la in general uae aa an index of 
the weather. The word ia Greek, and aigniflea weight-msoMurer, 

Bisect, to cut into two equal parte Latin. 

Bituminous, like to or conaisting of bituTnen,—^ fkt, clammy, easily- 
inflammable juice, impregnating coal, or acummed off lakea. Latin. 

Bamk, a hollow caat-iron globe, to be thrown flrom a apeeiea of great 
gun called mortar, ana intended to buret by the force of gunpowder 
at the moment of foiling, and to acatter deaiructlon all around. 
The term ia in thia work employed to explain the path of all bodiea 
forcibly thrown throukb the air, and the eflbct of pavtty In bringlnf 
all heavy moving bodiea to the ground. Latin. 

JMany, the acience of planta, or that part of natural Uatocy W hl afc 
haa ite vegatabla world for ita object Greek. 




Ctmtta OkKva, u tpSTtmain diAngd, iH bnl ■ mil dnnilir ^a 

lETnal oDlKU an Rpmented Ei iMr nliinl alaiin, nwUou, 
ud pnniniiHi. oa i wUu (kraaii wliUa Uw tHnnwM. LMlB. 

Rifimci, ■ Wt ar mtR pRrinlriud fnn ■ gnai bdillL Gtmk. 

CtlMna, llHI bniMll nf tba Kknei oTTUkn wbleb nluii Is nll«Md 
llflil. ThsnIlKilniirujianliaorill bodinthmafh which mnB- 
n« m. bill "Ucb ilin>w buk iba llfhi. bdonf u euofttttt, nuh 
u mkion of mry kind. TIm mtd li Oiwk, utd illiiiaH iaeh- 
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:Bua nuncrm, (Dincltnl nr allilVlxi CUH or nuon, ■ Ju|«i at- 

-■—• ■- -nnrin DicUptiyiicliiuDr ibi-iui ■(■, wHo uutnpud 10 

lianml flxpn-linanta] ^Dqairjby ulllnc ODDI]niu]lrlbr ItH 

1 pbilotopEilnl ftkiH UHlraa, naaoiilnB, uiii UHnlbn 

Tliliin ( clrclo or iptun hjhiIIi dkual nDni«<rBTF«n 

po-of put'ofUwliiid or orOM iHiV Ixilli. 



TariDU* coTidiiLiini, of EbB iiAlun nr m eltoHDUry miticlplH, ud 
of iba InUmtiB afnisitLs of ilmplo and eoin[ioiind bodlm. 
Ctrdr.a round tliun ba'iiii the mmntlal propniy IbucTtrrpotair dTII* 
anrroanilior hoo,caJlBl Iba elrcnmhnnn. obill bt aquUIj dlaoM 

Ctrciuyiarnt'itni,rnei»rnmmiai,iUfraiiQAlnf; appilfld pankobDtr *o ale 



la up vt ntiaa qnitlUa or Infndlmt*. A bonil 
piod woman, la t coihpbr Idea, eontainliii lliraa dlitt 
""- '^'~' — foodaaaa: 11 mlfht br nniknd lUll m 



CoHdnuatJsii, rb* art «r fimnf nutu 
- -'- ■ iTtBaMlo 

kin loot: 

NoS 



Cpufifufnr, ctniiHbaiinf to I 
CatUmuUf, uninlernipwl M 



Crmn, ilw tnntHrHii iwnioD of iks eim 
CiTTorii'.btlni.pntaMy. Uiln. 
Cnfiiu Caffuiuii. in ineliphyiic* ind aBiti 
bnln whtn Ilw luU >• uppoHil lo m 

Cor^iatU, * BHiatl or minute body. Lalln- 

lani Dul »f th* aiU of Tl£ua, 'bj niwuu 



l]na,«qullyiUKul 
ubtnf , %ai It LoDfth 



yyila'l'ne, itis nlld. Inniptmit. inlFmil bDmsoi al the tjt. U I* I 
4i>ubl*-i»DT<i Itiia, Utuiinl (mniBllBitli brbird ilic piipU, Iti o«- 
cuUhuI opuH) prndam itic dlHug ullnl calorvl. Gnek. 

IM Maul, nod iKentrmt higti,iiDd >U in Mr*i|iil liaaa, Hiil u 
ttfhi ■ncl'a- GnA. 

Tfiindtr, ■ Ofiiro Rinwif by lomlDC ■ pumllelofrmin nand d« of m 
aldflB v an uli. Tbc buret oTa hind-orgin lai zj\LaAw. Tlia 



■me thinp oitipaaDdad. 'nine, Id prlatlni 
pm i> IS •rranfe tba typee In b mam. In the onler at m 
oentoDne \ end lodccompooo le lo tehi tb« IVwm to piecn 
ApH, Id (eo(n^y, Ibe (bne bandnd and eliIMb put of tb 



DitmtUr, m «nit>ii iiM 4nwa ibisofli tlM ontn of ■ ctnda or ^ 



Gmtk, 

duds put or ika nfi of lifM. 



ondft wbteh do DM Mi mo ul M, tm m tank 

i)ijfr4<^in^. CKideacT In dilf^nnl dlrKtima. IdtLQ. 
DMHrfrnl. 9LrU|hl Uim (ndltll; ni i mH| tuotr Bd Ikitbir Am 
Bih Diiuir. etm Cmwr/nt. Lulu. _ 

llnpur]iDwrhr«ublhif p«r«o>H«inpla^UiHiiftln Un^ of IMiflrTt 
■ rill i[i ii-.-uvniigp^l— *T»lilpw*,m*i m na ftDd nmili 

Utii'i '.' ,'uit;r<>'t>''B(4Mtd. LuU. 

V^_ , ^1 opUnI (luft wtilcti hu bcHb nTlWn lI uMim iJ. 

Amtli-tanv. tn opilcil (Uh vbicb In tnUi htAcc* niHd. 

AiMi. ■ dual uHn cf (old. ciimiii in BoaiboD Buata^ nlM ilMI 



■fWfna, IIKIr;. 1ir.ilTI[i-«. Inrlo. 
■■•Mcil)>. li prrivcr HI lifti'-n if rwonrUf 



Ini, Bn la •hclnJ. uiia. ' " " ""'' '""" 

littH, IM Ul «f <i[illinln| or nndaliiii elanr, luU. 
ftlim, u Inlni or Bowliii (torn uj miIiiudh ■■ i 

m. 

'ni, <B MDmidir. Ika mppaannea at ft aur. ttaod, or 

■ fca liiit >iiiani11jiliilai T M nnii iir-i— i"*" 

feftkiUibi. UOm. 



w,:?^ 
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Emittimi, llM Mt of MOdtof oot, or flTinr Tent. Latio. 

BmcfdoptdiOy the whole eircle of eclenee ; a univeraal acientlllc die- 
tlonery. Greek. 

Epicurean^ belonging to the doctrine or philomphy of Epicume ; aecord- 
inf Ml which man's duty and happineee are made to conaist in rea- 
•onable induljience ; ii lias become descriptive of refined luxury. 

JbiMlor, an Imaginary great circle, equally distant from both poles, atir- 
roonding the globe flrom east to west, and dividing it Inio the North- 
ern and £oathem hemiapherea. On mapa the degrees of longitude 
•re marked on It, (h>m 1 to 180 eaat and west of the firat mertdiaa. 
It is by way of distinction called ihe Limb. Latin. 

Mpiiiirtirt'i at cquil diatancea. Latin. 

Squilibriumy exaotneaa of balance or counterpoise. Latin. The abla- 
ttve with the prepoaiUon is adopted into our language, in equUibrWf 
to express perfectnees of equality in opposed weighta. 

RquinoXf the equalization of day and night which takee place twica 
etery year, the 21at of March and the Slst of September, when tba 
■nn, in his alternate progreas IVom north to aouih, and from south to 
north, paaaea directly over the equator, which is likewise, fbr Uda 
reaaon* fVequently denominated the Equinoctial Line. Latin. 

MrOy an imporunt erent or period of time. Latin. 

jyudiliion, extenaive and profound learning. Latin. 

JBfAer, the most subtile and attenuated of all fluids. Greek. 

MvaporatUtnf the act of flying off in fumee or vapour. 

JSmkalation, a woni of the same import wiih the prroeding ; evaporation 
may be conaidend aa the cauae, and exhalation tm the eflbet. 
Latin. 

Sa^ansibiUiVt capahilitj of being spread out, and of occupying a largw 
space. Latin. 



Bsperimentf a practical trial made to ascertain any fkct. LatliL 
ExtetuioHt apaee over which matter ia difiUsed; aiza, magnttods. 

LaUn. 
tEatransouM^ Mt belonging to^. Latin. 

» 

F. 

Fathom^ a raeaaure of length containing aix feet. Saxon. 

Fibre, a email thread. In anatomy, fibres are long, alender, whitUh 

filaments, rarionaly interwoven, which form the aolid parta of aa 

animal body. Latin. 
Fifths in music, one of the harmonic intenrala or concords, and the third 

in respect of harmony, or agreeableness to the ear. It ia so called 

becanae it contains five tonea or aounda between ita extramea. 9aa 

▼ol. i. let. viL 
FilameiU, the aame yfiihjibre. Latin. 
Fluids eonsistlng of parta easily moveable among each other, aa maltad 

metala, water, air. Latin. 
77itf, in geography, the rising of the tide. Latin. 
F9eut, in optica, the little circle hi which rays of light are collecfad, 

either aAer passing through a glass, or on being thrown back fttmi 

a reflector, and where they exert their greaieat power of barniiif. 

Lathi. 
Formula^ a aeC or prescribed atandard ; a acheme kr acdvinf aiatba- 

matical and algebraical questiona. Latin. 
fWfs,liimtula,lbrclbly,inoEpoaitioatopiaiio^Mftly. Ladn. 




fkw«k,la Kraik,BM«r ilMtamoale lautrtl^ md li 




Olg»iil^iniiUilgl»;Ullle|anieJiaar*i9k(rlal(M>l. lA 
OraWiM, nnUr profna* rtom SIM aup lo uwlbgt, XMn. 

«)wM, wdiWi In ilM arum aTilM nnlTgna, ibu prlDd 

bodMwhIriiuincuibinUMnrdtaHbiiilier. LmMl 
a«m, 1 Ommtl cm em In ■ turd bodr i^fB •■«<•>■■•< i 



■Id, ■ HdUiutJoa or hudJi p«riHUT adapta 
Lo praduai ■ pUnjlbf dT^ an [ba au, Orwl 



iSi. OmX. 



II, wblcli dfniOaa, en 



Omk. 

nmny circlo ciirom;n.":lI [he |Mm, and ^ 

ciKli iivMy ■utrvuiKlirifWiUkenlkaal^uidlktMl 

BfOiWiipki. * daccipMD of Hot pan af oar ^oba Mlel 

^PDituu, a unjicKirion or doarint wi^owd O ba m^ 
anoliBad b^ ImaUUWa ufiuiiaDI or culc4Lii| cipnUn 



, a kind DC ptilloaopber, TtH) dodaa IhanWraHaf n 
alioH, iba acl dT diffUwnf llfW. LalU. 
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JmptfuirMUift that property of til bodioi in Tirtoe of wbleh bo tvm 

can occupy Dm Mine epaoe at the aanie time. I^Un. 
iMfmMon, ib» agency of one body in mocloo upon another. Latin. 
ti^abilUm the fulity of beinf charged upon, or aacribed onto. 

Latin. 
inddenet, the dfraeHon in -which oMbAxidy (hlla npon or acrikes another ; 

and the angie Ibraaed by that Uoo'and the planeatrack upon iacailed 

the angle or incid«nc& Latiiv 
JMw, ihe £>re-0nger; any Inithunent that pointa oat or fndicatea. 

Ladn. 
htdividtul, one peparate, distinct, vndittded whole. ' 
tturtioj that qoalUy of bodies in Tirtue of which they are diapoaed to 

continaa nr a state of reM when at rest, or of motion when in nto- 

tlon ; and whichcan be overcome only by a power not in the body 

itaelf. iAtin, 
t^fht^t howiHeaaneaa, applied eqnally to space, nnmber, and dnratieo ; 

in tufinUum^ without limit, without end. Latin. 
Jn/lectton, the act of bending or turning. Latin. 
Inkermtj naturally belonging to, and inseparable fnm. Lalhk 
hUelUctuoL, relating to the understanding, mental. Latin. 
inteusUy, the sute of being stretched, heightened, aflbcted to a ^rery 

high degree. Latin. 
Interuption^ the cutting off or obstruction of communicatloD. Lattai. 
Inteneetj mutually to cot or divide. Latin. 
InUrttie*^ the apace between one thing and another. 
/mvcTM, tiavlng changed places, indirect, turned upside down. LaHB. 
IrUf the circle round the pupil of the eye. Latin. 

I-. 

LekfriiUh^ mace, Inextricable difficulty or perplexity. Latin. 

I m t t tudt f in »<geo|raphT, distance of plapes fVom the equator meaanred 
on the meridian, in degrees and minutes. The degree contaioa 
about 09 English miles, and a minute is the sixtieth part of a de- 
gree. The highest possible degree of latitude is at the poles, each 
being 90 degreea tnm the equator. Latin. 

lent, a glass fbr aasisting vision, or deriving fire from the collected 
rays of the sun. 

Lenticular^ having the fbrm of a lena. 

Levels being at the same height in all parte. Saxon. 

lAUrtUiy the learned ; the plural of the Latin word liferoftit, a learned 
man. 

lofic, the art at right reaaoning, tat the purpose of inreatigatlnf and 
communicating useful truth. Greek. 

Longitude, in geography, the ansle which is Ibrmed by the meridian of 
any place and the first meridian, meaaured in degreea and minutes 
on the equator. Latin. 

Lunar tide, theAming and ebbing of the tide relatlTdy to the mooo. 
Latin. 

Ljfmpkatic vessels, slender tranaparent tubea through wUch lympht or 
a dear colooxleaa fluid, la conveyed. 

e , M. . 

JCagncT, or /ooirfone, an ore oMron which attracts Iron and alBsl, and 
Jivaa polarity to a oaedls. Ait has been enabled, by meaaa of ban 




jrattnuliu.Ibe Klence Khkh liu ftir Hi iil4«t eT 
JfMn, or Mtd'i-m, in phyiici. ibtl wmoli intemiH 



Mcnd>ai. In gtoglBiihy, t groil circl. Bn«iirpM..o( 
diTHlion or ShulU >n.l Sonb, mni divHllQl II 
WMlem hFniiiiplwm. TOe a»grei» of lauinda, I 
Imh pnlM, «rt nufkod on itili nrcle. Ewrj 

ififcorvfoiry, ibiHienre of nMcon. ihu iiioriniUei 
And qufrUy pa*Hn| awbjt- Cnet, 

nUVliif I't". nnden diaUucUT Tlilblo ol 
nnuAuti] oyo. Gmk. 



VnMlilv, tou'oHi at bcLnr nioTsI tiiln, 

if«i(, Id 1o(ic. psruculiiflimiotRniriuroof •riODii 



r,lkipdallaibibwimiiin«lrMi> IbM. 
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Nahon^ ibaa^i icpresenutkn of any ihiag fitnaed by tlM vliid:. 



OtjteHot leiM, In opclet, that glim of a teleaa9ii» wMeh la toned to ttM 

objact or tiling looked at. Latin. 
OMt7u«,iiot direct, not perpendicular, not parallel. Latin. 
OtofrudUtory, an edifloe reared for tbe porpoae of aMianomical obaerf%> 

tiona. Latin. 
Occult, aoeret, unknown, nndlacorrrable. Latin. 
OCteve, In maek, a regular eacceeaioh of notes fhrni one to eight ; cba 

Urat and the eighth bariog the same name and emitting the aame 

aoand. Laiin. 
Ocular lena, in optica, that glaaa of a teleaeope which la appUed^ tha 

aye. Litin. 
Opaque^ impervioaa to the raya of light, not tranaparent Latin. 
Optica, the acience of the nature and laws of vlaion, or aiijht. Greek. 
€>rb, sphere, heaTrnly gl<rit>ulBr body. LaUn. 
Orbit, the circular path in which a planet movea round the avm or aaoilMr 

planet. Latin. 
Oaculation, alternate moring backward and forward, like tine pendnltqb 

of adflck. Latiik 

P. 

ParadM, a tenet which excaeda or contradieta recelTod opinioD ; attmuh 

tion contrary to appearance. Greek. 
Parallel lines, in geometxY, lines which throagfa the whole of tbeir langtlft 

maintain the same diatiince. They are the oppodie of oonveryenf 

and divergtnt, Latin. 
ParalUlum, ataie of being parallel. 
Parallelogram, a geometrTcai figure of four aides, haTing tbia property, 

thai the oppoaite sides are equal and parallel, and the cpposiaa 

angles equal. Greek. 
PeUvcU, trausnuuing the raya of light, transparent. Latin. 
Pend'ulum, a body suspended so as to swing backwards and forwavii 

without obntroction. A pendulnm is generally used for measuiinf 

time; the great perlbction of such an instrument ia, that e^wy 

▼ibrtfion or awing shall be performed In exactly the aaona quA- 

tity of time. Latin. 
PeretpttoH^ the power of poreet^ing, knowledge, eonsdoosocaa. LaUa. 
Permeable, susceptible of being pained through. Latin. 
Perpendicular, in geometry, one line standing on another, or on a hoii* 

toncal plane, without ilie slightest inclination to one aide or Uiv 

other, andlbrming right-anglea with the horixontal Una or pJana^ 

Latin. 
Phalanx» a military Ibrce closely imbodied. Latin. 
Pkasi*, appearance presenred by the changea of a hearenty body, p^u 

ticulHrly those of the nxwn. The plnrsl pkasea la adopted In^a 

language. Greek and I^tip. 
Phenamemm, striking ap^iearance in nature. The plaral phenomena la 

in common, use. Greek. 
Pktloi^y,knowladaanat«iaiomMi|al^ayatera Ih oopaaModaoeal^ 




•LOUABV. 

ih tanrorum initb*u*«|iWiMd; uadtntal at 
I MUlc, laMr. Mk(M4j, Olifdrt* M Ami. li*l 



Pllmm. tv*et linol ouk MitMn«. iMta. 

Poiar CvdtM, flrcin pviTM t» ttH HHiBT ind Iks lni|i 
(■an gf (w«fH)r-1bne terw nd t batf racb ftott 
pMh LMi. 

Palarilp. ludtHy Innrdi itii 
flffKt. ■ ifun li»>liig m*- 
JW|4it(iiiii, ilw docirln; or 1 

Pinu, Ml «r Knill' n>nui« ., 

Fraljla, hr->l(hiea. Grrck. 

I^vtf j^/im, fmftmicv ftvtn IVon imnnnlTfld illbaMii 

A-r-uloW^jwl Hanmmf, the iDotiphyMKBl dDsrln* « 



■oaitanwtlcllnMlnackiiav. tEbi,« 



4S4 OLOISARY* 

Rv 

BaHut, In BnglWrii nw, t ainlfflit line drawn flnom the etmtn of a drelt 

or «pb«ff« to the eireamrerenee. Tbe plural nulu le in me. Latin. 
Rare/^teUon, ibe nm&ering of • eubaunee thinner, nvKe traneparent ; U 

la ilw oftpoeite of oon4enoatlon. Latin. 
Jtafio, proportion. Latin. 
Ratioemationy a proee* §r reaaoning, a dednetkm of fair eractaakiaB 

fhrni admitted prBmiaot. Latin. 
RKifitnt^ that wMeh reeuvea and oontaina. Latin. 
Reciproealljf, maiuaiiy, iniercbanfireably. Latin. 
Rtetmngutar, containinf ooa or mora rif ht<«nf lea. A iight*an^ aoi^ 

eime of 90 degrreu. 
Reetilinear, conaiiitinf of otraifht linea. Latin. 
R^Uetien^ in eatoptnca, the aendinf back of the raya of Hf ht from an 

opaque aurflioe. Latin. -^ 

Jl^»«, the ebbing, or flowinff badi of the tide. Latin. 
X^ff^ocftoit, in diopCrica, tbe deTiation of a ray of liaht on paeaing ob- 
liquely from one medium into another tf a fflfbreot denaity) aa 

flpora air inio water or aiaaa. Latin. 
X^<nMrt^«£tryrdiepositlonlo loave tbe direct ootarae, capability of being 

broken or refracted. Latin. 
R^angent medium, that whidi alten or brerfu off tbe eonrae of raya. 

Latin. 
Remtnitcenee^ the power of reeoUeetinn, memory.. ;Latin. 
Ripidhmit the act or power of driving back. Latin. « 

JUMiniou*t oonaiaiing or, or aimilar to, renin, a priuciple etntainad In eeC' 

tain Tegetablea. Latin. 
JtMonaitce, aonnd repeated, Latin. 
JReeptmreion, the act uf breathing. Latin. 
Retietdatedy Ibrmed like a net Latin. 
RtUna, tbe delicate net-like membrane at the bottom of the eye, on whki^ 

are pai nted tbe i magea of t be (Ejects which we eontemi^ata. LaliiL 
Jtcfrogrodc, moTing in a backward direction. Latin. 
Reverberatu,tij tbe act of beating or driving back. LatiiL 
Reverff looae, wild, imgular meditation. 

s. 

SateUUey an infimrlor attendant planet rvrolTtaig round a graater. LatiO. 

Sealpely a aurgtcal diaaectlng-knifb. Latin. 

Scienety knowledge : grammar, rhetoric, logic, arithmetic, mnate, geom- 
etry, astronomy, have been aiyled the aeven liberal ana. 

Segmentt in geometry, part of a circle formed by a atraig ht line drawn 
fttNn one extremity of any arc to the other, and the part of the eir- 
cumflsrem^ which conatiiutee thai arc. The straight line ia de- 
nominated the chord of the arc, from its leaemblance to a bowatring. 

StmidrcUy tbe half of a eirole ; the aegment Ibrmed by the diameter as 
tbe chord, and one-half the circomlbreoce aa the arc Latin. 

StmitMty in music, half a tone, the ieaat of all intervale admitted into 
modeni muMc. The semitone maior ie the diibrenee between tbe 
greater third and tbe fourth ; its relation is an 15 to 16. The semi- 
tone minor is tbe difference between the greater third and the leaaer 
third, and its relation ia as M to S9. Latin. 

Smaation, paroeptkli by acana of the aanaaa. LatliK 
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1m%9, 18.' 3T, M.U. M, 6™^ Tn * wr1«."*TbI 
Sntnli, III mimr, ih^invencd djaeordani inlFrril of 

prtifurUoM : ■« A lo V, m & to 15^ u TA u m. u 

Sstirliili, ilM llui ind TCIIui or (he lids nliitliely u 

SavJmu. enUi'iiif loud or ibrill (oundi. " Uuii! " ' 

jnu'nU. Ulin. 
S^Mrlw, ui lB>a«e, ■ fMble Rnn. Utln, 

Splumd. acf rOHliIng ID in* (brm of ■ aplHrF, II 

apinlual, iHK KHiBBinji oC bm iHnlintl from, iruiei 



SuUrr/iif, > p»llrYM«|iB « nul'in. Utln. 

SKiiiJi.ibiii, ■inrtoitH. nuenwi. Liiin. 
SupfCllciaf. olltrnU, cllrniled ilonf Itw Mllhct, Lul 
S^fmaJttftl, wbtf ■■ tboH n b^Qd ihc onUrikry 9 

Sa^oFf, m (mnxity. I«i|i1i ■ml bnndih inihani thick 



UUA|ft u injnUr OHiiieiiDii, dBpeDdi 



TV™. iootopdTeiiaKioorptifKie, component ptn, 

Ttrartni, 1 propoHiI'm innounnd n>r domanMniii 

ntnrf. ■ docirciw CDKumiuliM and o<n«l<«l in t 

ninflni»dbiiiral>iibTcir(BiMniornil>^ln( 



I\nil.iB VBiic, Iheflrwof thttwotmiierftrici 







rbgnIMiB«rt Ml 



T>i»r, iplpi.alanibmlow )h 
TVmcff, > amill roalor covar 






wl-fun, 1 nun nrlilch Arreltilj tnili 1 tall by in 



» point ka th* h«TCM «u(ll]r wtuJi MxffMMii' 



> 



OCT 1 8 1916 



! 






Y 



MVEW 




-k_ 



